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Clearwater Lake, located in southeast Missouri, is a flood control reservoir that 
acts as a sink for sediments derived from the Black River Basin. This basin contains six 
of the ten mines within the Viburnum Trend, a major lead-zinc producing region of the 
world for over 45 years. Sediment cores were collected from three areas of the reservoir 
that represent drainage from sub basins with no mining activity, a single mine site, and 
multiple mines. The sediment cores were dated using 210Pb and 137Cs and chemically 
analyzed for major and minor elements. The vertical profiles in these cores represent the 
period from impoundment (1948) to the date of collection (2002). Temporal trends in the 
vertical concentration of lead and zinc show relatively little change in the sub basin 
(Webb Creek) where no mining has taken place. By contrast, increasing concentrations 
were noted in the sub basins (Logan Creek, Black River) where active mining occurs. 
Analysis of pre- and post-mining concentrations in deep lacustrine sediments from the 
Clearwater Dam sample site shows a doubling of the lead concentration and a nearly 50 
percent increase in zinc concentration between 1965 and 2002. Age dating of the 
Clearwater Dam core shows there is an increase in the lead concentration from 48.6 µg/g 
to 77.9 µg/g and zinc concentration from 117 µg/g and 136 µg/g during a time of 
approximately 2.5 years from the beginning of mining in the Black River Basin. 
Increased concentrations in younger sediments are also noted for other mining related 
metals (As, Cd, Co, Cu, and Ni). Isotopic analyses indicate a clear upward trend in the 
206Pb/207Pb ratio indicating a change in source of sediment lead within the basin. Recent 
sediments have Pb206/Pb207 ratios greater than 1.30, which is characteristic of southeast 
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Missouri lead ores. Isotopic mixing calculations using the Bonneterre host rock and ore 
lead as end points show the relative percentage of ore lead contribution to the sediment 






I would like to thank Dr. David Wronkiewicz for being a friend and mentor 
throughout my time at UMR. Thanks also go to Dr. Jeff Imes for his encouragement in 
pursuing this study. The U.S. Geological Survey and the University of Missouri 
Department of Geological Sciences and Engineering provided funding and support for 
which I am grateful. A special thank you to Dr. John Hogan for persevering in helping a 
novice understand the importance of isotopes in nature. Dr. Bob Laudon, Dr. Craig 
Adams, and Dr. Mark Fitch have all given of their time in serving on my committee and 
provided a critical review of this work. Special thanks go to Mike Kleeschulte, Scott 
Southern, Marc Blouin, and Jim Murray of the USGS for their valuable assistance in the 
field. A number of USGS colleagues in Denver provided analyses for this study: Rick 
Sanzolone and Monique Adams (ICP-MS); Steve Sutley (grain size and bulk 
mineralogy); Jim Budahn (age dating); and Dan Unruh (lead isotope analysis). Lastly, I 
want to thank my wife Lora and daughter Jayme for their love and support throughout 
this long journey. They have given me, unselfishly, time that we can never recapture. 
  
vi
TABLE OF CONTENTS 
    Page 
ABSTRACT....................................................................................................................... iii 
ACKNOWLEDGMENTS ...................................................................................................v 
LIST OF ILLUSTRATIONS........................................................................................... viii 
LIST OF TABLES............................................................................................................. xi 
1. INTRODUCTION.......................................................................................................1 
1.1. GENERAL STATEMENT ..................................................................................1 
1.2. PURPOSE............................................................................................................2 
1.3. RESEARCH QUESTIONS .................................................................................3 
2.  REVIEW OF LITERATURE.....................................................................................4 
2.1. REGIONAL SETTING .......................................................................................4 
2.2. GEOLOGICAL SETTING ................................................................................11 
2.2.1. Regional Geological Setting....................................................................11 
2.2.2. Detailed Stratigraphy...............................................................................15 
2.2.3. Origin of ore forming fluids and potential metals sources ......................21 
2.2.4. Regional Fluid Flow................................................................................22 
2.2.5. Fluid Inclusion Studies............................................................................25 
2.2.6. Lead Isotope Studies of MVT Ores and Host Rocks ..............................26 
2.2.7. Sulfur Isotope Studies .............................................................................29 
2.2.8. Modeling .................................................................................................30 
2.3. LEAD IN THE ENVIRONMENT.....................................................................31 
2.4. LEAD IN LAKE SEDIMENTS.........................................................................32 
2.5. LEAD ISOTOPES .............................................................................................33 
2.6. ENVIRONMENTAL LEAD AND THE VIBURNUM TREND......................34 
3.  EXPERIMENTAL METHODS...............................................................................38 
3.1. SEDIMENT CORE COLLECTION..................................................................38 
3.2. SEDIMENT CORE PROCESSING ..................................................................41 
3.3. SEDIMENT AGE DATING..............................................................................42 
3.4. ANALYTICAL CHEMISTRY..........................................................................43 
  
vii
3.5. SEDIMENT GRAIN SIZE AND BULK MINERALOGY ..............................44 
3.6. LEAD ISOTOPIC ANALYSIS.........................................................................44 
3.7. X-RAY ANALYSIS..........................................................................................45 
4.  RESULTS.................................................................................................................46 
4.1. SEDIMENT ANALYSIS...................................................................................46 
4.1.1. Sediment Grain Size Analysis .................................................................46 
4.1.2. Sediment X-ray Diffraction (XRD) Analysis..........................................49 
4.2. CORE CHRONOLOGIES.................................................................................50 
4.3. FORTY-TWO ELEMENT ICP-MS ANALYSIS .............................................53 
4.3.1. ICP-MS Analysis.....................................................................................53 
4.4. LEAD ISOTOPIC ANALYSIS .........................................................................61 
5.  DISCUSSION ..........................................................................................................64 
5.1. SOURCES OF SEDIMENT METALS .............................................................75 
5.2. SEDIMENT METAL CHEMISTRY ................................................................79 
5.3. SAMPLE SITE METAL CONCENTRATIONS ..............................................92 
5.4. ANTHROPOGENIC LEAD IN SEDIMENTS ...............................................108 
5.5. SEDIMENT QUALITY GUIDELINES FOR METALS................................118 
5.6. LEAD ISOTOPIC RATIOS ............................................................................122 
6. CONCLUSIONS.....................................................................................................134 
APPENDICES.............................................................................................................136 
 A. TECHNICAL SPECIFICATIONS FOR THE AQUATIC  
    RESEARCH INSTRUMENTS GRAVITY CORING TOOL ................................136 
 B. X-RAY DIFFRACTION PATTERNS FOR ALL SAMPLE SITES..................138 
 C. ICP-MS STANDARD REFERENCE MATERIAL DESCRIPTION  
    AND ACCURACY/PRECISION REPORT...........................................................140 
 D. ICP-MS RESULTS FOR ALL 42 ELEMENTS.................................................148 
 E. LEACHABLE LEAD RESULTS FOR INDIVIDUAL LEAD ISOTOPES.......180 





LIST OF ILLUSTRATIONS 
Figure                          Page 
 
2.1. Index map of Black River Basin project area. ..............................................................5 
2.2. Physiographic subdivisions of the Ozark Plateau.........................................................7 
2.3. Generalized Statigraphic Column of Viburnum Trend Area........................................8 
2.4. Landcover of the Black River Basin...........................................................................10 
2.5. Ore districts of the southeastern Ozarks region ..........................................................12 
2.6. Generalized geology of the Black River Basin...........................................................13 
2.7. Relationship of facies to depositional framework and effects of differential 
subsidence ...................................................................................................................14 
2.8. Cross section showing the relationship of Bonneterre facies to the underlying 
Lamotte Sandstone and the Precambrian basement ....................................................15 
2.9. Schematic diagram of possible fluid flow mechanism from the Ouachita orogeny ...23 
2.10. Contour map showing the distribution of weight percent iron in replacement 
dolomite at the Lamotte-Bonneterre contact...............................................................24 
2.11. Lead isotope composition of ore minerals for major ore deposits in the 
Midcontinent region ....................................................................................................29 
2.12. Paleohydrologic model showing proposed multiple flow paths for ore fluids in     
the Viburnum Trend....................................................................................................31 
3.1. Sediment core sampling sites for Clearwater Lake.....................................................40 
3.2. Sediment coring tool ...................................................................................................41 
4.1. Textural composition of selected intervals for Clearwater Lake samples ..................48 
4.2. Activity Plots for 137Cs and 210Pb................................................................................52 
4.3. a) Median element concentrations normalized to Webb Creek site b) Maximum 
element concentrations normalized to Webb Creek site. ............................................59 
4.4. Plot of 208Pb/204Pb and 207Pb/204Pb versus 206Pb/204Pb for Clearwater Lake       
samples ........................................................................................................................63 
5.1. Lead versus aluminum concentration at the Clearwater Dam sample site .................67 
5.2. Aluminum concentration at the Marina sample site ...................................................68 
5.3. Mean annual discharge for the USGS gaging station on the Black River at  
Annapolis, Missouri. ...................................................................................................69 
5.4. Quartz peak intensity versus lead concentration for Clearwater Lake sample sites ...71 
5.5. Plot of sand percent versus lead concentration in selected samples ...........................72 
  
ix
5.6. Plot of silt percent versus lead concentration in selected samples..............................73 
5.7. Plot of clay percent versus lead concentration in selected samples............................74 
5.8. Lead versus iron concentrations for Clearwater Dam site ..........................................85 
5.9. a) Lead versus lead/iron ratio and b) lead versus lead/aluminum ratio for    
Clearwater Dam site. ...................................................................................................86 
5.10. Lead/iron ratio versus lead/aluminum ratio for Clearwater Dam site.......................87 
5.11. Manganese concentration with depth at the Clearwater Dam sample site................91 
5.12. Arsenic concentration values for Clearwater Lake sample sites ..............................94 
5.13. Barium concentration for Clearwater Lake samples.................................................94 
5.14. Cadmium concentration for Clearwater Lake samples.............................................95 
5.15. Cobalt concentration for Clearwater Lake samples ..................................................95 
5.16. Copper concentration for Clearwater Lake samples.................................................96 
5.17. Nickel concentration for Clearwater Lake samples ..................................................96 
5.18. Lead concentration for Clearwater Lake samples.....................................................97 
5.19. Zinc concentration for Clearwater Lake samples .....................................................97 
5.20. Metal concentration with depth for the Clearwater Dam sample site.......................98 
5.21. Total lead concentration with depth for Webb Creek sample site. .........................100 
5.22. Total lead concentration with depth for Logan Creek sample site .........................101 
5.23. Total lead concentration with depth for Clearwater Dam sample site....................102 
5.24. Total lead concentration with depth for Upper Black River sample site. ...............103 
5.25. Total lead concentration with depth for Lower Black River sample site. ..............104 
5.26. Total lead concentration with depth for Marina sample site...................................105 
5.27. Sediment total lead concentration versus age for Clearwater Dam sample site .....107 
5.28. Lithogenic lead computed from sediment scandium concentration at Clearwater 
Dam sample site. .......................................................................................................111 
5.29. Lithogenic and anthropogenic lead concentrations at the Clearwater Dam       
sample site .................................................................................................................112 
5.30. Lithogenic and anthropogenic lead concentrations at Webb Creek sample site.....114 
5.31. Lithogenic and anthropogenic lead concentrations at Logan Creek sample site. ...115 
5.32. Lithogenic and anthropogenic lead concentrations at Clearwater Dam sample      
site .............................................................................................................................117 
5.33. Total lead concentrations compared to threshold effects values ............................119 
5.34. Total zinc concentrations compared to threshold effects values ............................120 
5.35. Plot of 206Pb/204Pb versus 1/Pb (ppm) of sediment leachable lead .........................123 
  
x
5.36. a) 208Pb/204Pb and b) 207Pb/204Pb versus 206Pb/204Pb for Clearwater Lake        
samples ......................................................................................................................124 
5.37. 207Pb/204Pb versus 206Pb/204Pb for Clearwater Lake samples ..................................127 
5.38. 208Pb/204Pb versus 206Pb/204Pb for Clearwater Lake samples. .................................129 




LIST OF TABLES 
Table      Page 
 
2.1. Chronology of Significant Events in the Black River Basin ........................................6 
3.1. Location of Clearwater Lake Sample Sites, NAD83, UTM Meters ...........................39 
4.1. Results of Grain Size Analysis for Selected Core Intervals .......................................46 
4.2. Results of XRD Bulk Mineralogical Analyses ...........................................................49 
4.3. a) ICP-MS Results for Major Elements b) ICP-MS Results for Trace Elements         
c) ICP-MS Results for Potential Mine Contaminants .................................................55 
4.4. Results of Lead Isotope Analyses for Clearwater Lake..............................................61 
5.1. Aluminum and Iron Concentrations in Sample Cores ................................................65 
5.2. Summary of Toxic Release Inventory (pounds) for Viburnum Trend Mines      
During the 2003 Calendar Year ..................................................................................76 
5.3. Whole Core Correlation Values for Mining Related Metals with Iron and  
Manganese ..................................................................................................................82 
5.4. Sediment Quality Guidelines for Selected Metals ....................................................118 
5.5. Summary of  Sample Site Exceeds/Not Exceeds Sediment Quality Guidelines         
for TEC/PEC .............................................................................................................121 
5.6. Summary of  Calculations for the Percent of Ore Lead Contribution to        
Clearwater Lake Bottom Sediments..........................................................................133 
               
 
 
  1  
1. INTRODUCTION 
 
1.1. GENERAL STATEMENT 
 Missouri has a long history as a major United States and world producer of lead 
ore.  A number of “world class” deposits have been developed and mined throughout the 
state.  Possibly the most famous of these deposits is the New Lead Belt or Viburnum 
Trend of southeast Missouri. 
 Initial discovery of lead ore at Viburnum was made by the St. Joseph Lead 
Company in 1955 (Wharton and others, 1969). This signaled the beginning of a major 
exploration and development period in the region with significant capital investment by 
major mining companies in mining and processing facilities (Wixson, 1977).  Initial 
mining began in 1960, and by 1970, the Viburnum Trend became the world’s largest lead 
producing region by mining 432,576 tons of lead (Vineyard, 1971). 
 The Viburnum Trend has been developed largely within the Mark Twain National 
Forest, some of the most pristine lands found anywhere in the state.  Land managers 
responsible for administering programs on federal lands continue to have concerns about 
the long-term environmental effects of lead mining and related activities in the region.  
The mine owners and operators have demonstrated their concern for sustainability of 
mining in the region by maintaining a long-term relationship with researchers by 
participating in environmental studies (Anderson and Wixson, 1973).  Further, they have 






The purpose of this investigation is to characterize the spatial and temporal 
distribution and concentration of trace metals in sediments of Clearwater Lake.  
Understanding how trace metals are released to and transported in aquatic environments 
is important to the overall understanding of the impacts of mining on the natural 
environment. The main focus of this research will be on historic sedimentation within 
Clearwater Lake, which may act as a sink where mining related trace metals are stored.  
Because of their high preservation rates in basins, sediments can provide detailed 
chronostratigraphic histories of trace metal inputs in lakes.  Sediment records can thus be 
useful in assessing the effects of long term activities, like mining, within a watershed. 
 There is evidence of lead contamination in Clearwater Lake sediments that 
exceeds the natural background (Gale and others, 1976; Schmitt and Finger, 1982).  
There is also evidence that some of the lead is derived from mining related processes. 
What is not known, however, is the magnitude of mining’s impact on the overall 
sedimentation rate and concentration of lead and other trace metals in sediments. 
Previous studies (Gale and others, 1976; Schmitt and Finger, 1982) have focused 
on collection of sediments from the upper horizon of the sediment profile. Examination 
of sediments which pre-date mining activities in the Black River Basin will provide 
valuable information regarding other potential sources of anthropogenic lead.  This 
information will be used to refine estimates of sediment loading resulting from mining 
activities and will help to better understand potential risks to new areas being considered 
for expanded mine development. Pre mining sediments as used in the remainder of this 
document refer to those sediments which pre-date the beginning of mining activities, 
  
3
while post mining refers to those sediments that can be identified as being deposited 
following the initiation of mining activities in the Black River Basin. 
1.3. RESEARCH QUESTIONS 
 This research will address four specific questions regarding the nature of bottom 
sediments of Clearwater Lake and the relationship between lead mining in the Black 
River Basin and historic sedimentation in the lake.  These questions are: 
1) What is the anthropogenic lead contribution to the sediments of Clearwater 
 Lake versus lead derived from natural processes? 
2) Can mine related wastes be differentiated from other anthropogenic sources 
(e.g. automotive exhaust, recreational boating, etc.) using lead isotopes and  
trace metal associations? 
3) Can time markers for Clearwater Lake be identified in the historic record of 
 sediment column cores using isotopic dating techniques? 
4) What is the relationship between sediment grain size, composition, and  
mineralogy in pre and post mining sediments? How are these properties related 








2.  REVIEW OF LITERATURE 
 
2.1. REGIONAL SETTING 
Clearwater Lake is located in the Black River Basin of southeast Missouri (Fig. 
2.1). It is a 6.5-km2 flood control reservoir managed by the U.S. Army Corps of 
Engineers, and also serves as a major recreational resource for the region. Clearwater 
Lake is located within the Salem Plateau section of the larger 40,000 square mile 
(103,600 km2) Ozark Plateau province (Thornbury, 1965), and is the lower boundary for 
the upper subbasin of the Black River (Cieslewicz, 2004). Some of the important time 
chronologic milestones for activities within the basin that may affect Clearwater Lake are 
listed in Table 2.1. 
The Ozark Plateau is a large asymmetric structural dome with strata on the east 
flank dipping more steeply than those to the west (Fenneman, 1938). In addition to the 
Salem Plateau, the upper Black River Basin also contains part of the St. Francois 
Mountains section of the Ozark Plateau (Fig. 2.2).  
The Salem Plateau is dominated by thick sequences of predominantly carbonate 
rocks of Ordovician age or older (Fig. 2.3) lying unconformably on the Precambrian 
igneous rocks of the St. Francois Mountains. The plateau has long been interpreted as the 
erosional remnant of an uplifted peneplain (Marbut, 1896; Bretz, 1965). Marbut’s work is 
considered to be a pioneering study in physiography and surface hydrology (Tandarich, 
2004). Lead and zinc mineral resources of the area are predominantly found in the thick 
carbonate sequence, especially the Upper Cambrian Bonneterre Formation with 
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considerable iron and minor manganese and tin-tungsten-silver-lead veins in the 
underlying Precambrian basement. 
 
Figure 2.1. Index map of Black River Basin project area.
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Table 2.1. Chronology of Significant Events in the Black River Basin 
May 1940 Construction begins on dam 
March 1942 Outlet works completed. Construction halted due to outbreak of 
WWII 
Fall 1946 Construction resumes 
September 
1948 
Dam project completed 
1965 Fletcher mine opens – First in Black River Basin 
1968 Magmont and Sweetwater mines open 
1969 Buick mine and smelter open 
1973 Brushy Creek mine opens 
1973-1975 Samples collected for Gale study 
Mar 1977-Mar 
1978 
Sweetwater mine tailings dam breached on three separate 
occasions 
1980-1981 Samples collected for Schmitt & Finger study 
1986 West Fork mine opens 
1988 Buick smelter converted from primary lead to recycling smelter 







The Black River Basin has steeply sloping terrain resulting from deep dissection 
of the carbonate bedrock by surface and karst drainage.  Elevations in the basin range 
from the state’s highest point, 1,772 feet (540 meters) at Taum Sauk Mountain to 494 feet 
(151 meters) at Clearwater Dam. 
 
 











 The study area has a temperate climate with average annual precipitation of 44 
inches (112 cm) and mean annual air temperature of 56oF (13.3oC) (Missouri Climate 
Center, 2005).  Land use is predominantly forest (91 percent) and pasture (7 percent). 
The remaining two percent is a mixture of open water, wetlands, and urban.  Deciduous 





















Black River Basin Landcover
10 0 10 20 Miles
 
  Figure 2.4. Landcover of the Black River Basin. Forest and pasture are dominant. 
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2.2. GEOLOGICAL SETTING 
2.2.1. Regional Geological Setting.  The Viburnum Trend is part of the southeast 
Missouri lead district, one of the world’s largest lead producing regions.  The Viburnum 
Trend is a narrow, north-south trending, linear mineralized band approximately 45 miles 
(72 km) long that lies to the west of the St. Francois Mountains (Fig. 2.5).  It is a 
subdistrict of the larger southeast Missouri lead district. The ore deposits of the 
Viburnum Trend are in some ways anomalous with respect to all other Mississippi 
Valley-type (MVT) deposits with lead usually being far more abundant than zinc 
(Sverjensky, 1981). Extensive research has been conducted on the origin and formation 
of the ore deposits of the trend (Doe and Deleveaux, 1972; Heyl and others, 1974; 
Sverjensky, 1981; Leach and Rowan, 1986; Crocetti and others, 1988; Gregg and 
Shelton, 1989; Goldhaber and others, 1995).  In spite of this, questions still remain as to 
the source of lead, origin of mineralizing fluids and geochemical model explaining the 
complexity of ore leads in the deposits. 
The Viburnum Trend is located on the stable interior portion of the North 
American craton on the western slope of the Ozark Dome. The Ozark Dome was a 
regional structural high in the area during the deposition of Cambrian and Ordovician 
strata (Snyder and Gerdemann, 1968). The St. Francois Mountains are part of the 
Precambrian igneous basement complex and have been dated at 1.4 m.y. (Heyl, 1983). 
Compositionally, they are classified primarily as rhyolites with granite and diabase 
intrusions. All units were exposed to a long period of erosion prior to deposition of the 
overlying sediments (Thacker and Anderson, 1977). Figure 2.6 is a generalized geologic 
map of the study area. Webb Creek and Logan Creek sub basin bedrock consists 
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primarily of post-Bonneterre carbonate while the Black River sub basin contains 














Black River Basin Geology















St. Francois Mt. Volcanic Supergroup
St. Francois Mt. Intrusive Suite
 
Figure 2.6. Generalized geology of the Black River Basin. 
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The Lamotte Sea invaded the area during late Middle to Upper Cambrian time 
and deposited the Lamotte Sandstone (Larsen, 1977) which varies in thickness from zero 
to 450 feet (137 meters) and thins from east to west, and where it laps onto Precambrian 
knobs of the Ozark Dome. The Lamotte Sandstone is overlain by a transgressive 
sequence of carbonate rocks deposited in a slowly subsiding basin (Fig. 2.7).  These 
sediments form an eastward thickening series of cratonic shelf deposits. The St. Francois 
Mountains formed a local high as islands where an intracratonic basin formed that had a 






Figure 2.7.  Relationship of facies to depositional framework and effects of differential 
subsidence (from Larsen, 1977). 
 
 
The Bonneterre Formation is the host of the MVT lead-zinc deposits and consists 
of a back reef facies, reef facies, fore-reef facies and offshore facies (Fig. 2.8). The 
formation varies in thickness from 200 to 450 feet (61 to 137 meters). The reef facies is 
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the principal zone of mineralization and has been extensively dolomitized.  Most of the 
ore deposits occur where the Bonneterre Formation is between 200-400 feet (61-122 





Figure 2.8. Cross section showing the relationship of Bonneterre facies to the underlying 
Lamotte Sandstone and the Precambrian basement. Lead-zinc minerlization was largely 




2.2.2. Detailed Stratigraphy.  The study area is comprised of a Precambrian 
basement terrane with a thick overlying sedimentary sequence of Paleozoic strata. A 
detailed description of the units exposed in the Black River Basin follows. Figure 2.2 




 The Gasconade Dolomite is predominantly a light-brownish-gray, cherty 
dolomite, but contains a prominent sanstone unit in its lowermost part named the Gunter 
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Sandstone (Unklesbay and Vineyard, 1992). This sandstone is a very persistent unit of 
the Gasconade that is roughly 25 to 30 feet (7.6 to 9 m) thick. The Gunter Sandstone is 
medium grained, quartz sandstone, but the western and eastern edges of the unit are 
typically dolomitic sandstone. Regionally, the Gasconade conformably overlies the 
Eminence Dolomite, but locally it can be unconformable. Basal conglomerates can be 
found, with the pebbles derived from the underlying Eminence Dolomite. The Gasconade 
Dolomite has an average thickness of 300 feet (91 m) but well data for southeast 




 The Eminence Dolomite is mainly composed of a medium to massive bedded 
dolomite, typically a light gray color, medium to coarse grained, and commonly sandy as 
well. The Eminence Dolomite was deposited in the late Cambrian as the mid-continental 
sea began to withdraw (Unklesbay and Vineyard, 1992). The presence of the sands is 
evidence of an uprising of the area to the west and north, causing the exposure and 
erosion of older sandstones. Nodules, fragments, and small oolitic grains of chert are very 
common, particularly in the upper half of the unit, indicating a clearing and warming sea. 
 The Eminence Dolomite conformably overlies the Potosi Dolomite and has a very 
similar lithology, making it difficult to identify the contact between the two formations. 
The thickness of the Eminence typically ranges from 200 to 250 feet (70 to 76 m) and the 
unit thins or pinches out over local structural highs such as granite knobs. The Eminence 
is overlain by the Early Ordovician Gasconade Dolomite and its basal Gunter Sandstone 
Member (Thompson, 1995). The existence of the chert and oolites in the Eminence is 
evidence of a clearing and warming sea. Throughout the deposition of the Eminence, the 
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Mid-Continental Sea was beginning to withdraw from the region, continuing into the 




 The Potosi Dolomite is a brownish gray, medium to fine grained, thickly bedded 
to massive dolomite that weathers to a light gray. When freshly broken, the Potosi has a 
distinct bituminous odor. It contains an abundance of drusy quartz, which is associated 
with chert, and can contain barite (BaSO4), which can be in concentrations great enough 
to warrant commercial excavation. Red residual clays are commonly present in weathered 
sections and can be used as an indicator for the Potosi, which conformably overlies the 
Derby-Doerun Formation. The thickness of the formation is highly variable, ranging from 




 The Derby-Doerun Dolomite is a buff to brown, medium to fine-grained dolomite 
alternating with thin bedded siltstones and shales. The dolomite typically contains very 
small amounts of chert.  Sponge spicules and echinoderm ossicles are commonly found 
(Thompson, 1995). Glauconite is found in the lower 40 to 50 feet (12 to 15 m) of the 
formation. Sandy basal units indicate deposition where the sea level was very shallow or 
where the surface was exposed. Grading upward into siltstones and shales is a sign of 
slow fluctuations to a deep-sea environment (Unklesbay and Vineyard, 1992). The 
Derby-Doerun Dolomite conformably overlies the Davis Formation, with an average 






 Fluctuations in sea level led to the deposition of the alternating layers of the Davis 
Formation. This unit is dominantly shale, but also includes siltstone, fine-grained 
sandstone, dolomite, and some limestone conglomerate. Shale units were deposited in a 
deeper, calmer water setting or in a shallow lagoonal environment and are more prevalent 
in the St. Francois Mountain area than elsewhere. Carbonate members were deposited in 
shallower water regions, and sandstone units were deposited in very shallow to terrestrial 
environments. The shales commonly display a dark green mottled coloration and contain 
large amounts of glauconite clays. The Davis Formation conformably overlies the 





 The Bonneterre Formation generally consists of light gray, medium to finely 
crystalline, medium bedded dolomite, with limestone commonly present in some 
locations. Small vugs are commonly lined with dolomite or calcite rhombs where the 
Bonneterre consists of coarsely crystalline dolomite. Thin glauconitic shale layers may be 
locally present. These shale beds were deposited when the water level rose, creating a 
calmer, deeper water environment (Unklesbay and Vineyard, 1992). Thin beds of pure 
pinkish limestone are found in some areas, and are known as the Taum Sauk Marble. The 
average thickness of the Bonneterre in the Lead Belt and Viburnum Trend is 375 to 400 




The Bonneterre Formation is the host rock for the “Mississippi Valley type” ore 
deposits of the “Old” Lead Belt and the Viburnum Trend. The Bonneterre Formation can 
be divided into lower, middle, and upper sections based on depositional characteristics 
that are important to the location of ore bodies. All of the mines in the Viburnum Trend 
are located in close proximity to a prominent reef structure (Larsen, 1977). Structural 
controls on ore bodies are provided by clastic carbonate bars or ridges, algal structures, or 
masses of submarine breccia (Thompson, 1995).  
The lower Bonneterre marks a period of maximum development of a stromatolite 
reef in a slowly subsiding shallow basin. The middle Bonneterre contains an 
uncomformity resulting from a minor uplift in the region. As subsidence resumed, reef 
development shifted eastward almost 6,000 feet (1829 m) and was eventually eliminated 
because of less favorable environmental conditions. An oolitic facies is indicative of this 
period of deposition. The upper Bonneterre can be identified by the presence of the 
Sullivan Siltstone Member, a light to dark gray or brown laminated siltstone consisting 
predominantly of quartz silt, quartz sand and glauconite. The Whetstone Creek Member 
is the uppermost unit of the Bonneterre Formation and marks a changing depositional 
environment to the overlying shales of the Davis Formation. It is primarily dolomite with 
some limestone and limey dolomite ranging in color from light to medium gray, light 




 The Lamotte Sandstone is composed chiefly of a quartz arenite that grades 
laterally in places into an arkose or a conglomerate. The Lamotte’s color is fairly variable 
and ranges from light gray, whitish to yellow, brown, or even red. Felsite pebbles and 
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boulders are the primary constituents that directly overlie Precambrian knobs. The 
Lamotte ranges in thickness from 0 to 500 feet (152 m) and tends to pinch out against the 
Precambrian knobs or along other structural highs (Fletcher, 1974). Locally purple to red 
silty shales are present, and lenses of arenaceous dolomite can be scattered about the 
upper parts (Thompson, 1995), with the cementation of the Lamotte typically siliceous. 
The top 10 to 20 feet (3 to 6 m) of the Lamotte is a transition zone between the overlying 
Bonneterre Formation, and consists of alternating layers of sandstone, sandy dolomite, 




 The oldest rocks (1.4-1.5 Ga) in the study area underlie the Paleozoic sedimentary 
units and are exposed in the St. Francois Mountains. The St. Francois Mountains are part 
of the larger St. Francois terrane, a volcanic-plutonic complex which has been described 
by Kisvarsanyi (1980) as an anorogenic igneous complex. The terrane is believed to 
consist of more than a dozen overlapping ring complexes, cauldron subsidence structures 
with ring volcanoes and ring plutons, and resurgent calderas with central plutons 
(Kisvarsanyi, 1990). The rocks of the St. Francois Mountains are primarily rhyolites and 
granites. The rhyolites are considered to be volcanic ash-flow tuffs containing high SiO2 
and iron-rich mafic minerals. Three distinct granites have been identified that can be 
associated with their mode of occurrence; a biotite granite, an amphibole granite, and a 
two-mica (tin) granite. The biotite granites are comagmatic with the rhyolites and 
represent subvolcanic granite massifs. The amphibole granites are associated with ring 
intrusions related to caldera collapse and subsidence. The tin granites are associated with 
the central plutons and are inferred to have been emplaced in resurgent caulderas 
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(Kisvarsanyi, 1990). The Precambrian terrane is an important metallogenic province of 
the Midcontinent being a continuous source of iron ore since 1815. It also hosts minor 
manganese deposits, tin-tungsten-silver-lead veins, and is believed to have potential for 
copper, uranium, rare earth elements, and gold (Kisvarsanyi, 1990). 
2.2.3. Origin of ore forming fluids and potential metals sources.  The ore 
deposits of the Viburnum Trend were formed by the movement of basinal brines from 
adjacent sedimentary basins through the sedimentary section overlying the Precambrian 
basement (Roedder, 1977; Sverjensky, 1981; Leach and Rowan, 1986; Gregg and 
Shelton, 1989).  These were warm, saline fluids that may have compositionally 
resembled oil field brines (Sverjensky, 1984). The primary aquifer for the migration of 
the ore fluids was the Lamotte Sandstone. 
The Precambrian basement and the overlying sedimentary rocks derived from the 
basement are believed to be substantial sources for metals occurring in the Viburnum 
Trend ore deposits (Jessey, 1983). Precambrian age deposits contain iron, titanium, 
copper, cobalt, nickel, molybdenum, lead, and zinc (Kisvarsanyi, 1977). Igneous rocks of 
southeastern Missouri are also known to contain above average concentrations of lead 
and zinc (Kisvarsanyi, 1961). Metals are believed to have been derived from the 
basement by leaching of pre-existing rocks by hydrothermal fluids (Jessey, 1983; Crocetti 
and others, 1988). 
Multiple sources of lead for ore deposits of the Viburnum Trend have been 
identified (Doe and Delevaux, 1972; Crocetti and others, 1988; Goldhaber and others, 
1995). A primary component was derived from the Lamotte Sandstone and/or the upper 
basement and a secondary, subordinate component from leaching and recrystallization of 
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the carbonate section. There is evidence that indicates leaching of radiogenic lead from 
the basement of southeast Missouri by hydrothermal fluids (Crocetti and others, 1988). 
The carbonate derived lead was a major component of the late stage cubic galena 
mineralization (Goldhaber and others, 1995). 
Potassium feldspars in the Lamotte Sandstone are believed to be the primary 
source of lead in the southeast Missouri ore deposits. Rothbard (1983) identified a pre-ore 
stage of authigenic potassium feldspar precipitation in the Lamotte Sandstone that was 
later followed by dissolution of feldspars during the ore mineralization phase. Potassium 
feldspars are known to be a significant source of lead in igneous and feldspathic 
sedimentary rocks.  Ore fluids in the Viburnum Trend are known to be anomalously high 
in potassium which can be attributed to a low pH fluid leaching the potassium feldspar 
and carrying metals and H2S in solution (Diehl and Goldhaber, 1993). Authigenic 
feldspars in the Viburnum Trend have been dated at 300 Ma using K/Ar methods (Hearn 
and others, 1986) which corresponds to the time of mineralization. This is further 
supported by similar lead isotopic ratios of authigenic potassium feldspar overgrowths 
and lead ores of the Viburnum Trend (Aleinikoff and others, 1993). 
2.2.4. Regional Fluid Flow.  Mineralizing fluids have affected extensive 
parts of the stratigraphic section in southern Missouri and northern Arkansas (Erickson 
and others, 1981). Gregg (1985) documented a regional 6400 mi2 (16,600 km2) 
epigenetic dolomitization event in the Bonneterre Dolomite that resulted from the 
interaction of warm, basin-derived fluids circulating through the Lamotte Sandstone with 
the overlying limestone. The timing of the fluid migration event is believed to be during 
the late Paleozoic. This is based on an analysis of lead isotope data and 40Ar/39Ar dating 
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of authigenic feldspar cores and overgrowths (Aleinikoff, and others, 1993), K/Ar dating 
of illite (Rothbard, 1983), and paleomagnetic data (Dunn and Elmore, 1985). 
Leach and Rowan (1986) proposed a mechanism for gravity-driven flow of fluids 
from the Arkoma Basin in response to the Ouachita orogeny. In their model, 
compressional tectonics created a hydraulic head causing flow of fluids to the north from 
the Arkoma Basin (Fig. 2.9). They cite a broad regional trend of decreasing fluid 
inclusion homogenization temperatures within sphalerites to the north from the Ouachita 
front as evidence for the migration of these fluids. Gregg and Shelton (1989) proposed a 
second fluid source from the north (possibly the Illinois Basin) based on an examination 
of trace elements in epigenetic replacement dolomite from the basal Bonneterre 
Dolomite. Fluid flow direction can be determined from concentration gradients of iron 
and manganese in dolomitized carbonates (Machel, 1989). Fe2+ and Mn2+ are known to 
preferentially fractionate between dolomite and an aqueous dolomitizing fluid. 






Figure 2.9. Schematic diagram of possible fluid flow mechanism from the Ouachita 
orogeny (from Leach and Rowan, 1986). 
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Contour maps constructed from the distribution of iron and manganese 
concentrations in dolomites sampled at the Bonneterre-Lamotte contact clearly show a 
flow direction oriented from southeast to northwest and a second flow direction in a 
roughly north-south direction (Fig. 2.10). 
 
 
Figure 2.10. Contour map showing the distribution of weight percent iron in replacement 
dolomite at the Lamotte-Bonneterre contact. Vectors indicate hypothesized fluid flow 






2.2.5. Fluid Inclusion Studies.  Numerous studies have been conducted in an 
attempt to characterize the ore fluids responsible for mineralization in southeast Missouri 
(Roedder, 1977; Leach, 1979; Coveney and Goebel, 1983; Viets and Leach, 1990; 
Shelton and others, 1992). Roedder (1977) working with a limited number of samples of 
sphalerite inclusions from the Viburnum Trend found homogenization temperatures in a 
range from 94 to 120 0C and freezing temperatures from –20 to –28 0C.  These values are 
similar to those found in other MVT deposits and support the assertion of a warm, saline 
source of mineralizing fluids. Leach (1979) in a broader regional study of sphalerite 
inclusions found similar homogenization temperatures and calculated the salinity of the 
ore fluids to be in the range of 14 to greater than 22 equivalent weight percent NaCl salts. 
He suggested a single regional episode of lead-zinc mineralization based on similarities 
of fluid inclusion data from central Missouri, Tri-State, and northern Arkansas ore 
deposits. Coveney and Goebel (1983) studied trace sphalerite inclusions from several 
states within the Midcontinent region. They recorded homogenization temperatures 
between 80 and 120 0C with a salinity of 22 weight percent equivalent NaCl.  These data 
were consistent even for samples acquired from locations hundreds of kilometers from 
known ore deposits. Shelton and others (1992) documented two end-member fluid 
components from a study of epigenetic dolomites primarily associated with the Viburnum 
Trend. Their results identified a warmer, less saline fluid (120 to 187 0C; 5 weight 
percent equivalent NaCl) and a cooler, more saline fluid (60 to 80 0C; >30 weight percent 
equivalent NaCl). Mixing of the two end-member fluids was indicated by intermediate 
temperature and fluid compositions of samples. They were unable however, to discern a 
temperature gradient with regard to sample distance from a potential fluid source.  
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Viets and Leach (1990) also identified two end-member fluids, which they refer 
to as the Viburnum Trend type, and the Tri-State type fluids. The Tri-State type fluid has 
similar characteristics to fluids associated with ore deposits from the Tri-State, Central 
Missouri and Northern Arkansas districts. The Viburnum Trend type fluid is significantly 
enriched in potassium and is believed to be the source fluid for the primary stage 
octahedral galena mineralization of the Viburnum Trend as well as ores in the Old Lead 
Belt. Viets and Leach also suggested that the Arkoma basin iAs a possible source for the 
Tri-State type fluid based on a south to north increase in the K/Cl ratio coupled with a 
decrease in homogenization temperature of sphalerites. Early stage octahedral galenas 
(Hagni and Trancynger, 1977) are significantly enriched in potassium relative to later 
stage cubic galenas. They speculate that the Viburnum Trend type fluid may have 
originated from the south in the Arkoma or Black Warrior Basin and migrated to the 
north through the Reelfoot Rift. Interaction with clastic sediments in the Reelfoot Rift 
may have been responsible for the evolution of this fluid. Diehl and Goldhaber (1993) 
attributed the potassium rich fluids to dissolution of potassium feldspars in the Lamotte 
Sandstone by ore-stage fluids. 
2.2.6. Lead Isotope Studies of MVT Ores and Host Rocks.  Doe and 
 Delevaux (1972) studied lead isotopes from the Precambrian basement, Lamotte 
Sandstone, Bonneterre Dolomite, and Davis Formation as possible sources for southeast 
Missouri galena ores. They concluded, based on the isotopic composition of 207Pb/204Pb 
versus 206Pb/204Pb lead, that the major source of lead in forming the southeast Missouri 
galena deposits was derived from the Lamotte Sandstone (which also acted as the major 
aquifer for ore fluid migration) with a minor contribution from the igneous basement. 
  
27
They calculated that leaching of an area of approximately 11,000 square miles (28,490 
km2) of Lamotte Sandstone would be required to produce sufficient lead for formation of 
the known deposits. The Bonneterre Dolomite and the Davis Formation may have also 
contributed lead to the ores, but only in minor quantities.  They further found that lead in 
both the Lamotte and Bonneterre Formations was derived from sources having a similar 
age as the underlying basement rocks while lead in the Davis Formation was derived 
from a much older source.  
Sverjensky and others (1979) in a study of galenas from the Buick mine presented 
data that suggests lead isotopic compositions resulting from mixing of at least two 
different sources; a solution that contained less radiogenic lead and isotopically heavy 
sulfur and a solution containing more radiogenic lead and isotopically light sulfur. This 
conclusion was based on 208Pb/204Pb versus 206Pb/204Pb plots for galenas having different 
slopes for the octahedral and cubic mineral forms. The octahedral galenas are 
volumetrically dominant in the Viburnum Trend (R.D. Hagni, oral commun., 2007). They 
found a correlation between both octahedral and cubic galenas and isotopically light 
sulfur in galena samples. They interpreted this correlation to indicate that lead and sulfur 
must have been transported to the site of deposition in the same fluid because of the 
inability of physicochemical processes to describe the precipitation of galena with such 
variation in sulfur composition from a fluid with a constant overall sulfur isotopic 
composition. They also reasoned that galena may have acquired both lead and sulfur from 




Crocetti and others (1988) in a study of lead in galena crystals from Viburnum 
Trend mines concluded that Viburnum Trend ores resulted from mixing of two well-
defined end-members. These two end-members are defined as an oil field brine type fluid 
and a more radiogenic fluid derived from a basement source. Early stage octahedral 
galenas are less radiogenic (U238/Pb204<9) than the later stage cubic galenas. Cubic galena 
compositions may have also been influenced by mixing of lead from dissolution of the 
paragenetically earlier octahedral galena. They believed that the more radiogenic end-
member was derived from Precambrian basement or sediments derived from a basement 
source of Grenvillian age (1.0-1.2 b.y.) such as that found in northern Arkansas. The less 
radiogenic lead more closely matches normal lead found in common igneous and 
sedimentary rocks.  
Goldhaber and others (1995) took what they described as a “far-field” approach to 
the analysis of lead isotope data from southeast Missouri. They attempted to integrate 
data from the numerous studies that had focused on specific ore deposits. A significant 
finding (Goldhaber and others, 1995) was that ores from the Viburnum Trend are clearly 
separated from all other MVT ores on a thorogenic vs. uranogenic i.e. (208Pb/204Pb vs. 
206Pb/204Pb) plot (Fig. 2.11). Their analysis also showed that the thorogenic lead 
(producing 208Pb) component matched only that lead found in the Lamotte Sandstone, 
indicating this to be a primary route for fluids involved in main stage mineralization of 





Figure 2.11. Lead isotope composition of ore minerals for major ore deposits in the 
Midcontinent region. The line passing through the data is calculated for mainstage 
galenas and clearly shows a decreased 208Pb/204 value for main stage galenas compared to 
other Mississippi Valley-type deposits. Main stage galena even has lower 208Pb/204Pb 





2.2.7. Sulfur Isotope Studies.  A study of galena ores in the Buick mine 
 revealed a wide range of isotopic compositions of sulfur and lead in galenas indicating at 
least two different sources (Sverjensky, 1981). The heaviest sulfur had a δ34S value of 
+26 to +28 per mil, which would correlate with sulfur derived from sedimentary marine 
evaporites.  The lowest value of δ34S was about +0.9 per mil that might indicate a 
crystalline igneous basement source. Goldhaber and Mosier (1989) also observed two 
distinct sets of isotope values in their study of Cambrian through Mississippian carbonate 
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rocks in southeast Missouri. There is a heavy sulfur (δ34S values >10 per mil) in portions 
of the Bonneterre Formation and underlying Lamotte Sandstone and a lighter sulfur 
present in units stratigraphically above the Bonneterre. The isotopically heavy sulfur in 
the Bonneterre is confined to the Sullivan Siltstone and Whetstone Creek members, 
which the researchers believe may have acted as an aquifer for fluid migration. Shelton 
and others (1995) also identified two distinct sulfur end-members in Cu and Fe sulfides 
from two basement igneous-rock hosted deposits in the Viburnum Trend. Their data 
indicate one source consistent with a sedimentary basin and a second source from the 
underlying igneous basement.  They provided isotopic evidence to support deep 
circulation of basin-derived fluids that mobilized copper and sulfur from the igneous 
basement that was later redeposited in overlying MVT deposits. 
2.2.8. Modeling.  Plumlee and others (1994) performed chemical reaction 
path modeling in an attempt to characterize the mechanism for ore deposition by 
hydrothermal brines. They concluded that the only mechanism that could explain the 
mineralization patterns for the Viburnum Trend was a model involving mixing of two, 
discrete, highly evolved hydrothermal brines. 
Goldhaber and others (1995) proposed a paleohydrologic model for the formation 
of MVT deposits in southeast Missouri (Fig. 2.12). The model provides for transport of 
main stage lead to the site of mineralization via the Lamotte Sandstone, and they believe 
the fluid source was derived from the south, possibly the Arkoma Basin.  This fluid was 
devoid of H2S due to redox buffering by hematite present in the Lamotte Sandstone. A 
second transport path for both lead and H2S was through the Sullivan Siltstone.  The 
Lamotte fluid moved up section into more permeable zones such as breccia collapse areas 
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and faults. Where the Lamotte pinches out against the igneous basement, mixing of the 
two fluids occurred. They also speculate that there may have been a third fluid that was 




Figure 2.12. Paleohydrologic model showing proposed multiple flow paths for ore fluids 




2.3. LEAD IN THE ENVIRONMENT 
 Lead is a neurotoxin affecting the central nervous system, gastrointestinal system, 
hematopoietic system, and kidneys (National Academy of Sciences, 1972). It is 
particularly harmful to young children as it can adversely affect growth and mental 
  
32
development. Lead is ubiquitous in the environment and is found in trace amounts in 
rocks, soil, water, plants, animals, and air.  Both natural and anthropogenic sources 
contribute to its widespread occurrence.  Nearly 65 percent of the naturally occurring lead 
is derived from eroded soil particles and is distributed as windblown dust (Nriagu, 1979).  
Anthropogenic lead, mainly from atmospheric emissions, is nearly 30 times as abundant 
as lead from natural sources (Nriagu, 1979; Nriagu and Pacyna, 1988).  Anthropogenic 
lead sources are generally greater in urban settings than in rural settings except in areas 
where mining and milling activities may be occurring. In the United States, prior to 
elimination of lead additives from gasoline, the major source of atmospheric lead was 
automobile emissions followed by mining, milling and smelting of lead ores.  The 
amount of atmospheric lead has been drastically reduced since the phase out of leaded 
gasoline in the U.S. between 1973 and 1996 (Callender and Van Metre, 1997). 
2.4. LEAD IN LAKE SEDIMENTS 
 Lead accumulations in bottom sediments of freshwater lakes provide a historical 
framework for the study of sedimentation rates and input fluxes of anthropogenic lead.  
Sedimentation rates for natural lakes typically vary from between 0.5 to 10 millimeters 
per year while man-made reservoirs vary from 10 to 200 millimeters per year (Callender 
and Van Metre, 1997).  Fine-grained sediments provide a major pool for contaminants 
because of their capacity for adsorption (Vallette-Silver, 1993). Lead and other metals are 
concentrated in sediments where they may be ingested by a variety of aquatic organisms 
(Luoma, 1983). The dominant source of lead in recent sediments is generally accepted to 
be atmospheric fallout (Evans and Rigler, 1985).  The average lead concentration of pre-
industrial sediments is approximately 16 parts per million (ppm) or nearly the same as the 
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average crustal abundance (Nriagu, 1978; Fortescue, 1990; Wedepohl, 1995).  Sediment 
cores from bottom sediments have been used to establish the presence and concentration 
of anthropogenic lead in lacustrine environments (Crecelius and Piper, 1973; Edgington 
and Robbins, 1976; Nriagu and others, 1979; Evans and Rigler, 1985; Van Metre and 
Callender, 1996; Rae and Parker, 1996; Dennis, 1999; Vermillion and others, 2005).  
These studies have documented substantial increases in sediment lead resulting from 
anthropogenic sources.   
2.5. LEAD ISOTOPES 
 Lead occurs in four stable isotopic forms, 204Pb, 206Pb, 207Pb, and 208Pb.  The 204Pb 
isotope is primordial, forming about the same time as our solar system, and thus its 
abundance has remained relatively unchanged since the earth solidified (Russell and 
Farquahar, 1960).  The remaining isotopes, 206Pb, 207Pb, and 208Pb are produced as 
radioactive decay daughter products of 238U, 235U, and 232Th respectively, and are known 
as radiogenic lead.  Isotopic ratios can be used to “fingerprint” ore bodies and other 
contaminant sources and thus provide information on sources of anthropogenic lead 
(Chow and others, 1975).  Mississippi Valley type ores are characterized by isotopic 
heterogeneity and produce anomalously high radiogenic isotope ratios that are 
distinguishable from all other sources (Doe, 1970). 
 The 210Pb isotope is one of the four radioactive isotopes resulting from uranium-
thorium decay processes. The other three isotopes (211Pb, 212Pb, and 214Pb) all have half-
lives less than 12 hours, limiting their use in geologic studies (Doe, 1970).  Lead-210 is 
abundant in the environment due to its being a decay product of radon gas.  Radon gas 
diffuses from crustal materials and enters the atmosphere where it becomes widely 
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dispersed by turbulence and advection (Nriagu, 1978).  Lead-210 has a half-life of 22.5 
years and has been shown to be effective in geochronology studies (Krishnaswamy and 
others, 1971; Shirahata and others, 1980; Ritson and others, 1994; Bollhofer and others, 
1994; Benoit and others, 2001).  Specifically, 210Pb can be used to determine the rate of 
accumulation of sediments within approximately the last 100 years (Robbins, 1978). 
2.6. ENVIRONMENTAL LEAD AND THE VIBURNUM TREND 
 The Viburnum Trend is unique in its development as a major lead-producing 
region.  Researchers recognized early the unparalleled opportunity to study the effects of 
mining related trace metals on the nearly pristine forested environment of the Missouri 
Ozarks.  This opportunity resulted in a fairly intensive seven year interdisciplinary study 
which brought together researchers from academia, industry, government, and 
environmental groups seeking science based solutions to problems associated with the 
development of world class lead ore reserves (Wixson and others, 1977). 
During the years that the Buick and Glover smelters were in operation, the 
primary source of mine related lead and other trace metals in the environment of the New 
Lead Belt was from smelter emissions.  PbSO4 and PbO•PbSO4, produced as oxidized 
products of galena (PbS) during smelting, are the main lead species emitted from lead 
smelters (Rieuwerts and Farago, 1995).  Bolter and others (1974) found that elevated 
levels of metals from smelter emissions could be found in leaf litter and shallow soils up 
to 15 miles (24 km) from the smelter site.  X-ray diffraction analyses of leaf and soil 
samples indicated the presence of PbS, PbSO4, elemental lead, and PbO•PbSO4.  
Arseneau (1976) confirmed the presence of these lead wastes in the operations of two 
smelters in southeast Missouri. Bolter and others (1974) further found that more than half 
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of the metals deposited from smelter operations remained in the leaf litter even after four 
to five years.  This is significant because organic acids formed from decaying leaf litter 
may increase the solubility of lead and other trace metals through the formation of 
organo-metallic complexes (Davis, 1984).  This occurs when the pH of an aqueous 
solution is lowered in the presence of water-soluble organic acids (Butz, 1976).  
Subsequent studies (Bornstein, 1989; Rucker, 2000) found no significant increase in 
metals accumulation in soils, supporting the concept of increased mobility and transport 
by organic acids. Rucker (2000) also found that lead and zinc had penetrated deeper into 
the soil profile with values above normal background detected at depths of 10 inches 
(25.4 cm). These metals tend to be concentrated in shallow organic layers of the forest 
floor where they may be mobilized as surface runoff during storm events (Bolter and 
others, 1975). 
Other sources include finely ground materials from tailings dams or concentrate 
piles and fugitive dusts accumulated adjacent to haulage routes (Jennett and others, 1977; 
Wixson and others, 1971).  Modern mining and processing methods account for metal 




Lead present in the tailings as galena (PbS) undergoes oxidation and dissolution 
due to the instability of the sulfide (S2-) ion. Once metals move into the aquatic 
environment, they are transported in both dissolved form and as suspended solids.  
During low flow conditions, metals, particularly lead, are transported in dissolved form.  
A study of the Crooked Creek watershed found that lead, zinc, and copper increase as 
suspended solids during high flow while cadmium and zinc increase in the dissolved state 
(Foil, 1975).   
Analysis of stream sediments below a number of mines indicated no heavy metal 
buildup suggesting metals are being moved out of the system during periods of storm 
flow (Jennett and others, 1977).  Schmitt and Finger (1982) in a study of the Big River 
watershed found that most metals from lead mine tailings are transported as suspended 
solids and that suspended load concentration increased with flow.  It has been suggested 
that local stream conditions in the Black River (slightly basic pH and relatively high 
carbonate content) allow for dissolved metals to precipitate out as insoluble carbonates 
that are transported in suspension to the quiescent waters of Clearwater Lake where they 
settle out of suspension (Jennett and others, 1977). 
A recently completed study on the West Fork of the Black River (Faeth, 2004) 
found that zinc transport in the water column was shown to relate to flow while lead did 
not. The study further found that lead and zinc are adsorbed onto sediments proximal to 
mine effluent sites and are largely transported as particulate matter. Trace metals in 
sediments were shown to be primarily associated with manganese and iron oxyhydroxide 
minerals.  Correlation coefficients for zinc and lead to manganese were 0.94 and 0.83 
respectively. Correlation with iron was less significant with a correlation coefficient of 
  
37
0.56 for zinc and 0.51 for lead. Sulfide minerals were not found in the sediments of the 
West Fork.  
 Studies of bottom sediments within Clearwater Lake reveal relatively low 
concentrations of most metals (Gale and others, 1976; Schmitt and Finger, 1982).  
Sediment concentrations do, however, indicate that deeper quiet water may be a potential 
sink with the deep-water sediments having higher concentrations relative to sediments 
sampled in the Black River where it enters the lake.  The deep-water sediments tend to be 
finer grained and more organic rich than the stream sediments.  Sediment samples 
collected downstream, below the dam consistently showed higher abundances of trace 
metals than influent sediment samples but lower abundances than deep-water sediment 
samples near the dam.  It is believed that this results from periodic flushing of some of 





3.  EXPERIMENTAL METHODS 
 
 3.1. SEDIMENT CORE COLLECTION 
 Sediment cores were collected from six separate locations in Clearwater Lake 
(Fig. 3.1). Sampling locations were selected to coincide with sites where previous 
limnological measurements had been collected (Table 3.1) and represent a mix of 
riverine, lacustrine, and intermediate environments. Lake stage on the date of collection 
was 500.5 feet which is slightly above the normal pool elevation of 494 feet. Sediment 
cores were collected using an Aquatic Research Instruments Universal Core Head gravity 
corer with a 71mm diameter polycarbonate core barrel (Figure 3.2 and Appendix A). 
Two separate collection methods were employed.  In shallow water areas, cores were 
collected from a 21 foot aluminum boat by hand deploying the sampler with aluminum 
holobar extension rods.  In deep-water areas, cores were collected by SCUBA divers 
from the U.S. Geological Survey (USGS) scientific dive team by hand pushing the core 
barrel into the sediments. Cores were left in the collection tubes with both ends capped 
with a polyethylene end cap secured with electrical tape.  They were then transported to 
the University of Missouri – Rolla Geochemistry Lab where the excess water was 













Table 3.1 Location of Clearwater Lake Sample Sites, NAD83, UTM Meters 
SITE NORTHING EASTING 
Webb Creek 4113629.52 694938.83 
Logan Creek 4114404.97 695185.98 
Upper Black River 4116799.84 696085.42 
Lower Black River 4115502.20 698351.73 
Marina 4113340.98 697782.07 

















 3.2. SEDIMENT CORE PROCESSING 
 Sediment cores were extracted from the sampling tubes using a core extruding 
apparatus.  The extruded cores were placed in a wooden core box lined with plastic.  
Each core was split in half longitudinally by pulling a length of monofilament line 
through the length of the core.  The cutting motion was done without sawing back and 
forth to prevent cross contamination the mud smeared edges and the center of the core. 
This exposed the center of the core for visual examination and further segmentation. 
Cores were segmented in 1cm intervals for chemical analysis and two cores were 
segmented in 2cm intervals for age dating. The segmentation was performed by cutting 
through the core with a stainless steel spatula and then trimming off the outermost portion 
of the core to remove contamination from smearing along the length of the core that may 
have occurred during collection.  
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3.3. SEDIMENT AGE DATING 
 Age dates were calculated for one core each from the lower Black River and 
Clearwater Dam sample sites using both the 210Pb and 137Cs methods. Ages were 
determined using the constant rate of supply model of Appleby and Oldfield (1992). 
 Activity concentrations of 210Pb, 226Ra, 214Pb, 214Bi, and 137Cs were obtained using 
high precision gamma-ray spectrometry (Zielinski and Budahn, 1998).  Counts were 
made using a high purity germanium semiconductor detector in the laboratory of the 
USGS Central Region Mineral Resources Team (CRMRT). The samples were stored for 
approximately two weeks to allow them to reach radioactive equilibrium.  Counts were 
acquired over a period ranging from 24 to 48 hours. The 210Pb determinations are 
accurate to 10-15 percent and the 137Cs 5-10 percent based on 1 sigma counting statistic 
errors. 
 A 210Pb age can be calculated for any specified depth in the sediment profile using 
the following: 
  Ad = Aoe-at               (1) 
  Where Ad = activity of 210Pb at depth d 
   Ao = activity of 210Pb at a higher reference point 
   a = decay constant of 210Pb (0.0311 yr-1) 
   t = age of sediment sample 
  t = -ln(Ad/Ao)/a                (2) 
            
Specific dates obtained from the 137Cs isotope (1952 first occurrence and the 1963-64 
maximum) are used to adjust the dates calculated from 210Pb.  
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3.4. ANALYTICAL CHEMISTRY 
 Geochemical analyses of the sediment cores were performed by the USGS 
CRMRT Analytical Chemistry Laboratory in Denver, Colorado.  Each sample was 
analyzed for 42 separate elements by inductively coupled plasma – mass spectrometry 
(ICP-MS) using standard USGS methods (Taggart, 2002).  The method used is a multi-
acid digestion using a mixture of hydrochloric, nitric, perchloric, and hydrofluoric acids 
(HCl, HNO3, HClO4, and HF).  Analysis was performed using a Perkin Elmer Elan 6000 
ICP-MS calibrated on a 1 percent nitric acid blank solution and two multi-element 
standard solutions to cover the mass range and generate the mass response curve (Briggs 
and Meier, 2002).  
 Quality assessment procedures are based on standard reference materials (SRM) 
and sample duplicates. Two MAG-1 SRM samples (marine sediment) were analyzed with 
each run and at least one sample duplicate was analyzed with each job. All duplicate 
samples were from replicate digestions except one. A solution duplicate was used for one 
of the marina samples where sample material was limited. Average percent recoveries 
(accuracy) ranged from 94.5 (Ni) to 108.1 (Al) percent with a median of 101.6 percent.  
Ag, Nb, Mo, Cd, and Tl had anomalous values due to a lack of optimization of the 
procedure for multiple elements or low detection limits. Precision determined as Relative 
Standard Deviation (RSD) was less than 4.0 percent for most elements (Al, Be, Ca, Cr, 
Co, Cu, Fe, Ga, K, Li, Mg, Mn, Na, Ni, P, Sc, V, and Zn).  RSD for As, Bi, Ce, La, Ti, 
Th, Tl, and U range between 5.27 and 8.58 percent, and Ag, Cd, Mo, and Nb had a RSD 
greater than 10 percent. Complete information on the SRM and accuracy and precision of 
sample runs is included in Appendix C. 
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3.5. SEDIMENT GRAIN SIZE AND BULK MINERALOGY 
Sediment samples were collected at select intervals from each core to represent 
periods of pre and post-mining.  Samples were split into two fractions, one split for grain 
size analysis and one for bulk mineralogical analysis. All analyses were performed by the 
USGS Crustal Imaging and Characterization Team in Denver, CO. 
Sediments were separated into three grain sizes: sand (> 63 µm), silt (2-63 µm), 
and clay (< 2 µm) using the methods described by Starkey and others (1984). Sand size 
material is separated by wet-sieving the sediment through a 230-mesh sieve.  Silt and 
clay sized material are separated by centrifugation. 
Samples for bulk mineralogical analysis were ground by mortar and pestle to an 
average grain size of 45 μm. The sample was then packed in an aluminum sample holder 
for subsequent analysis by x-ray diffraction with a copper K alpha radiation source. 
Samples were rotated through angles from 4 through 64 degrees two-theta. Semi-
quantitative estimates of the mineral content of the samples are made by comparing the x-
ray diffraction patterns to those of known mineral standards. The intensity of diffraction 
peaks or the area beneath the diffraction peak can be used to estimate the relative 
abundance of a mineral in a sample (Appendix B).  Relative abundance of mineral 
constituents was classified as major (> 25 percent by weight), minor (5-25 percent by 
weight), or trace (< 5 percent by weight). 
3.6. LEAD ISOTOPIC ANALYSIS 
Sediment samples were subjected to a weak acid digestion to preferentially 
dissolve the iron-manganese-rich coatings on the sediment grains and/or ion exchange 
cations adsorbed to clays, organics, etc. without dissolving the remaining rock material. 
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This leachate used for isotopic analysis is subsequently referred to as “leachable lead”. 
This prevents dilution of the adsorbed contaminant isotopic signature by the background 
signature from the detrital rock material (Gulson and others, 1992). 
Samples were prepared by leaching in a 2M HCl-H2O2 solution at approximately 
500C for three hours. Solutions were transferred to FEP teflon beakers and taken to 
dryness in laminar-flow clean hoods.  The samples were dissolved in ultraclean 2M HBr, 
centrifuged, and the lead separated on Dowex 1x8 anion exchange resin in the HBr 
medium.  A 5 μg aliquant of lead from each sample was then cleaned on a second Dowex 
1x8 anion exchange column in the HCl medium.  The isotopic composition of lead was 
determined on a 12-inch, 680 sector, solid-source, thermal-emission mass spectrometer of 
NBS design. About 1-2 μg of lead were loaded on a single Re-filament and analyzed at 
12500C using the silica-gel emitter technique. (Church and others, 1993) 
3.7. X-RAY ANALYSIS 
X-rays of several cores were taken with the assistance of the Medical Imaging 
Department at Phelps County Regional Medical Center. X-radiography is one method 
that has historically been used in stratigraphic studies of sediment cores recovered from 
lakes and ocean basins.  Because of its nondestructive nature, X-radiography can be 
useful in detecting internal structures and particles that may not be visible to the naked 
eye. The x-rays proved to be inconclusive for any structures or depositional features such 
as varves. The contrast of the resultant images was inadequate for interpretive analysis. 
This may be attributed to the inexperience of this researcher and the hospital staff in 
imaging soft sediment cores. 
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4.  RESULTS 
 
 
4.1. SEDIMENT ANALYSIS 
4.1.1. Sediment Grain Size Analysis.  Sediment grain size analyses were  
performed for selected intervals of cores from each sample site.  Samples were selected 
to represent relative time periods associated with pre-mining/early mining and active 
mining in the watershed.  Results for the sediment grain size analysis for all study sites 
are shown in Table 4.1. Silt is the dominant particle size for most of the sampled 




Table 4.1.  Results of Grain Size Analysis for Selected Core Intervals 
Sample Site # of Clay     
Weight  in 
Grams     %   
Identification Name slides Whole Sand Silt Clay Sand Silt Clay 
    made Rock             
                    
WC_56-62 Webb Creek 2 26.10 2.53 20.93 2.60 9.70 80.20 10.10 
WC_6-12 Webb Creek 2 28.10 4.97 21.11 2.00 17.70 75.10 7.20 
LC_22-28 Logan Creek 2 33.10 25.04 6.05 2.00 75.60 18.30 6.10 
LC_3-9 Logan Creek 2 27.90 10.80 15.07 2.00 38.70 54.00 7.30 
UBR_36-42 
Upper Black 
River 2 25.30 0.40 20.84 4.10 1.60 82.40 16.00 
UBR_6-12 
Upper Black 
River 2 25.00 1.56 20.42 3.00 6.20 81.70 12.10 
LBRA_37-41 
Lower Black 
River 2 26.90 0.23 20.83 5.80 0.90 77.40 21.70 
LBRA_7-11 
Lower Black 
River 2 18.00 0.10 16.04 1.90 0.60 89.10 10.30 
M_46-52 Marina 2 25.00 3.17 17.85 4.00 12.70 71.40 15.90 
M_6-12 Marina 2 18.90 2.96 12.54 3.40 15.70 66.30 18.00 
CWD1_37-41 Clearwater Dam 2 28.30 3.18 19.69 5.40 11.20 69.60 19.20 
CWD1_7-11 Clearwater Dam 2 15.40 5.54 6.58 3.30 36.00 42.70 21.30 
 
WC = Webb Creek 
LC = Logan Creek 
UBR = Upper Black River 
LBRA = Lower Black River 
M = Marina 
CWD1 = Clearwater Dam 
Number following sample designator is sample depth in centimeters 
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Figure 4.1 is a ternary diagram of the textural classification for soils based on the 
relative proportions of the sand, silt, and clay size particles in the sediment samples.  The 
majority of samples are classified as either silt or silt loam.  This classification is based 
on silt being the major fraction in the sample.  The exception as noted before is the 
sample from the Logan Creek site. A visible change in the texture described as a much 
sandier interval was noted at 23.5 cm depth during the processing of the Logan Creek 
core. Also, a large piece of woody debris was present at this interval. Of note is the 
discharge on three occasions during the period of 1977 to 1978 of tailings to Strother 
Creek, a tributary of Logan Creek, due to breaching of a tailings pond dam at the 
Sweetwater Mine (Duchrow and others, 1980). The depth of the Logan Creek sample site 
and the position in the riverine flow zone may be related to the presence of more sand 
sized material. The sample core from the Clearwater Dam site was one collected by 
SCUBA divers and may have been sampled off the main channel. During a previous 
collection of ponar grab samples for a separate study of sediment pore water, it was 
noted, in field notes, that cores collected directly from the old river channel were very 
consistent in lacking sand size material. When samples were obtained slightly off 
channel, there was a marked difference (by visible inspection) in the consistency of the 
sample with sand size material being visible in the recovered sample. Also noted during 
core processing of the Clearwater Dam core were large sticks at 19 and 25 cm depths and 
a large rock clast (~ 2cm diameter) at the 52 cm depth. The remaining cores appeared 











Figure 4.1. Textural composition of selected intervals for Clearwater Lake samples. 
Sediments are dominated by silt size material. 
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4.1.2. Sediment X-ray Diffraction (XRD) Analysis.  XRD analyses were 
performed on selected bulk samples from each of the sampling sites. Table 4.2 shows the 
results for the bulk mineralogical analysis of sediments from all study sites. An XRD 
diffraction pattern analysis is included in Appendix B. Sample composition is consistent 
among all samples with quartz as the major constituent and traces of kaolinite, 
montmorillonite, albite, and orthoclase. Clay minerals (kaolinite and montmorillonite) are 
present in trace amounts in all samples. Clinoclore was present as a trace mineral in one 
Webb Creek sample and muscovite (illite) was identified as a trace component in one 




Table 4.2.  Results of XRD Bulk Mineralogical Analyses 
   PDF Number    
  046-1045 014-0164 029-1498 019-1184 031-0966 016-0362 006-0263
    Phase  ID     
Sample # Quartz Kaolinite Montmorillonite Albite Orthoclase Clinochlore Muscovite
LC3-9 M T T T T   T 
LC22-28 M T T T T     
WC6-12 M T T T T T   
WC56-62 M T T T T   T 
UBR6-12 M T T T T     
UBR36-42 M T T T T     
LBRA7-11 M T T T T     
LBRA37-41 M T T T T     
M6-12 M T T T T     
M46-52 M T T T T   T 
CWD7-11 M T T T T     
CWD37-41 M T T T T     
        
M = Major        




4.2. CORE CHRONOLOGIES 
Lead-210 has become one of the dominant isotopes used in geochronologic 
studies of the environment.  It was first used to determine the rate of snow accumulation 
of Greenland glaciers (Goldberg, 1963) and has subsequently been used in oceanography, 
limnology, and atmospheric studies.  One application that has demonstrated considerable 
interest in this technique is the dating of sediments in lacustrine environments. The ability 
to place specific dates within the sediment profile is valuable for assessing changes in 
water quality, pollution histories and chemical changes in lakes.   
Another popular method of dating sediments uses the 137Cs isotope.  This isotope 
occurs as a result of the atmospheric testing of nuclear weapons, and can provide time 
markers at 1952 (first globally-detectable 137Cs occurrence from testing) and 1964 (peak 
137Cs occurrence).  Cesium-137 can be used to confirm the depositional rates calculated 
from the 210Pb method and can also substantiate whether bioturbation or other forms of 
mixing may have occurred in sediments (Benoit and Rozan, 2001). 
Figure 4.2 shows activity plots for the cores from the Clearwater Dam and Lower 
Black River sampling sites (Fig. 3.1). The 137Cs plot for the Clearwater Dam site has a 
sharply defined maximum indicating that significant post-depositional mixing of the 
sediments has not occurred.  The Lower Black River sample does not reach the 137Cs 
maximum, but the plot shows what appears to be the descending leg of a maximum peak. 
A maximum peak may have been attained from a deeper sample, but we were unable to 
obtain a deeper sediment profile due to limitations of the core collection process.  Both 
sites show some variability in 210Pb activity indicating variable rates of sedimentation 
over time. The decreasing trend of 210Pb concentration with depth is due to a relative 
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constant annual input (Sheets and Lawrence, 1999) and the process of radioactive decay. 
Under these conditions, the older sediments would be expected to have a lower 210Pb 
concentration. The two plots are very similar from the descending portion of the 137Cs 
maximum to present. The 137Cs activity has presently decreased to below about 0.5 
dpm/g due to the ban on atmospheric testing of nuclear weapons. The 210Pb activities 
have similar values from the mid 1960s to present. The depth of the apparent 137Cs 
maximum at the Lower Black River site occurs at about the 55 cm depth in the core 
compared to 27 cm in the Clearwater Dam core indicating a sediment deposition rate 
about twice that at the Clearwater Dam site. Sedimentation rates were calculated for the 
Clearwater Dam core using 137Cs markers as well as top and bottom of cores where 
specific dates could be applied. Sedimentation rates for the intervals 1948-52, 1951-64, 

















Figure 4.2. Activity Plots for 137Cs and 210Pb. Prominent cesium peak in Clearwater Lake 
core correlates to 1964 date. 













































4.3. FORTY-TWO ELEMENT ICP-MS ANALYSIS 
   
4.3.1. ICP-MS Analysis.   Table 4.3 shows the results for the ICP-MS analyses 
for selected elements at all sample sites (4.3a-major elements, 4.3b-trace elements, 4.3c-
potential mine contaminants). Maximum, minimum, and median values are computed 
from the entire core length. Percent recoveries (accuracy) for metals measured against the 
SRM MAG-1 standard were within 5 percent for arsenic, copper, lead, and zinc; 10 
percent for cobalt and nickel; and 15 percent for cadmium. Most other elements were 
within 10 percent recoveries with the exceptions of molybdenum (86.25%), niobium 
(176.67%), silver (875%), and thallium (123.05%). The multi-element analysis technique 
used is not optimized for these elements (Sanzalone, 2004). Duplicate sample values 
were within 5 percent for barium, cadmium, cobalt, nickel, and zinc. Chromium, copper, 
and lead duplicate values were within 8 percent. Arsenic values for duplicates ranged 
from 0-33 percent. Complete results for all ICP-MS analyses are listed in Appendix D.   
A common method for evaluating the enrichment of metals in the environment is 
to compare sample concentrations with those of the average crustal abundance. Because a 
large area of the sedimentary host rock has been impacted by regional-scale movement of 
ore fluids throughout the southeast Missouri region, average crustal abundance values do 
not accurately represent local metal concentrations, nor may they necessarily be similar 
to other regions.  Since mining has not occurred anywhere within the Webb Creek sub 
basin and metals concentrations remain relatively constant over time, this study assumes 
the concentrations from Webb Creek more accurately reflect regional background values 
for a non-mining impacted area. It should be noted that Webb Creek and Logan Creek 
differ geologically from the other Black River sites in that they are dominated by post-
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Bonneterre carbonates where the Black River sample sites also contain outcrops of the 
Bonneterre Formation and Precambrian basement rocks. Metal contents in other areas of 
Clearwater Lake are normalized to Webb Creek values in Table 4.3 for comparison. 
Relative standard deviation for the Webb Creek core was less than 10 percent for Al, Ba, 
Ca, Ce, Cs, Cu, Fe, Ga, K, La, Mg, Na, Pb, Rb, Sr, Th, Tl, U, V, and Y. RSD values 
range from 10-14 percent for Be, Cd, Co, Cr, Li, Ni, P, Sb, Sc, and Ti. Those elements 






Table 4.3a.  Average Whole Core ICP-MS Results for Major Elements 




Black Ratio Marina Ratio CW Ratio 
  Creek Creek Webb River Webb River Webb   Webb Dam Webb 
Al Max 4.43 4.56 1.03 4.70 1.06 6.41 1.45 7.31 1.65 7.92 1.79 
(wt%) Min 2.04 2.38 1.17 3.71 1.82 4.52 2.22 6.13 3.00 3.76 1.84 
  Med 3.63 3.58 0.99 4.15 1.14 5.81 1.60 6.83 1.88 7.20 1.99 
Ca  Max 0.25 0.25 0.98 0.54 2.14 0.39 1.57 1.20 4.80 0.42 1.68 
(wt%) Min 0.13 0.11 0.82 0.25 1.98 0.23 1.77 0.26 2.05 0.24 1.89 
  Med 0.21 0.19 0.94 0.33 1.60 0.29 1.41 0.30 1.46 0.32 1.53 
Fe  Max 2.00 2.30 1.15 2.20 1.10 3.30 1.65 3.90 1.95 4.00 2.00 
(wt%) Min 0.99 0.93 0.94 1.60 1.62 2.00 2.02 3.00 3.03 1.60 1.62 
  Med 1.70 1.70 1.00 1.80 1.06 2.80 1.65 3.40 2.00 3.40 2.00 
K  Max 1.25 1.06 0.85 1.42 1.14 1.48 1.18 1.33 1.06 1.41 1.13 
(wt%) Min 0.63 0.55 0.88 1.14 1.82 1.03 1.64 1.16 1.85 1.07 1.71 
  Med 1.10 0.84 0.76 1.29 1.17 1.40 1.27 1.23 1.12 1.33 1.21 
Mg  Max 0.23 0.27 1.20 0.41 1.82 0.44 1.95 0.57 2.53 0.53 2.35 
(wt%) Min 0.11 0.12 1.04 0.24 2.14 0.26 2.29 0.39 3.48 0.22 1.92 
  Med 0.20 0.20 0.98 0.30 1.50 0.37 1.82 0.44 2.16 0.47 2.33 
Mn  Max 1770 1630 0.92 994 0.56 2250 1.27 2060 1.16 5280 2.98 
(ppm) Min 435 165 0.38 414 0.95 781 1.80 1240 2.85 1260 2.90 
  Med 981 1105 1.13 636 0.65 977 1.00 1560 1.59 1675 1.71 
Na  Max 0.29 0.25 0.84 0.35 1.20 0.28 0.95 0.36 1.24 0.22 0.77 
(wt%) Min 0.15 0.12 0.80 0.27 1.73 0.21 1.39 0.12 0.79 0.12 0.79 
  Med 0.26 0.18 0.66 0.31 1.17 0.25 0.96 0.14 0.54 0.17 0.64 
P  Max 500 540 1.08 540 1.08 780 1.56 3600 7.20 920 1.84 
(ppm) Min 220 260 1.18 370 1.68 470 2.14 640 2.91 440 2.00 
  Med 380 395 1.04 440 1.16 605 1.59 740 1.95 780 2.05 
Ti  Max 4100 4000 0.98 4100 1.00 4000 0.98 4200 1.02 4600 1.12 
(ppm) Min 1900 1900 1.00 3100 1.63 3100 1.63 3500 1.84 2800 1.47 








Table 4.3b.  Average Whole Core ICP-MS Results for Trace Elements 




Black Ratio Marina Ratio CW Ratio 
  Creek Creek Webb River Webb River Webb   Webb Dam Webb 
Be Max 1.80 2.00 1.11 2.30 1.28 2.90 1.61 3.20 1.78 3.40 1.89 
(ppm) Min 0.74 0.88 1.19 1.50 2.03 1.80 2.43 2.40 3.24 1.50 2.03 
  Med 1.40 1.45 1.04 1.90 1.36 2.50 1.79 2.80 2.00 3.00 2.14 
Ce  Max 93.60 83.70 0.89 101.00 1.08 97.20 1.04 114.00 1.22 105.00 1.12 
(ppm) Min 45.30 41.90 0.92 72.00 1.59 79.10 1.75 82.00 1.81 60.80 1.34 
  Med 82.00 63.45 0.77 88.40 1.08 93.20 1.14 103.00 1.26 99.60 1.21 
Cr  Max 51.40 64.70 1.26 69.70 1.36 62.60 1.22 73.10 1.42 82.10 1.60 
(ppm) Min 24.70 29.40 1.19 36.40 1.47 47.10 1.91 49.80 2.02 32.00 1.30 
  Med 39.10 39.05 1.00 42.00 1.07 52.25 1.34 57.50 1.47 64.25 1.64 
Ga  Max 9.60 9.90 1.03 10.00 1.04 14.00 1.46 18.00 1.88 18.00 1.88 
(ppm) Min 4.50 5.20 1.16 8.00 1.78 9.70 2.16 14.00 3.11 8.30 1.84 
  Med 7.90 7.75 0.98 8.80 1.11 13.00 1.65 16.00 2.03 16.00 2.03 
La  Max 43.30 38.20 0.88 41.90 0.97 47.30 1.09 49.00 1.13 52.10 1.20 
(ppm) Min 22.30 21.10 0.95 35.40 1.59 36.60 1.64 39.80 1.78 30.30 1.36 
  Med 37.75 30.95 0.82 37.60 1.00 45.15 1.20 44.40 1.18 47.85 1.27 
Li Max 25.20 26.00 1.03 23.90 0.95 33.40 1.33 41.80 1.66 45.80 1.82 
(ppm) Min 11.50 13.20 1.15 18.80 1.63 25.30 2.20 34.60 3.01 20.30 1.77 
  Med 20.30 20.35 1.00 21.10 1.04 30.60 1.51 38.00 1.87 40.05 1.97 
Mo  Max 2.40 4.30 1.79 4.00 1.67 2.50 1.04 2.90 1.21 4.60 1.92 
(ppm) Min 0.70 0.93 1.33 0.68 0.97 1.30 1.86 1.70 2.43 1.20 1.71 
  Med 1.30 1.25 0.96 1.20 0.92 1.60 1.23 2.10 1.62 2.25 1.73 
Nb  Max 17.00 18.00 1.06 15.00 0.88 21.00 1.24 21.00 1.24 26.00 1.53 
(ppm) Min 3.40 6.90 2.03 3.90 1.15 14.00 4.12 11.00 3.24 12.00 3.53 
  Med 8.80 12.00 1.36 6.90 0.78 18.00 2.05 18.00 2.05 21.50 2.44 
Sc Max 7.60 8.20 1.08 8.40 1.11 11.60 1.53 13.80 1.82 14.60 1.92 
(ppm) Min 3.30 3.80 1.15 6.20 1.88 7.70 2.33 10.70 3.24 6.50 1.97 
  Med 6.00 6.30 1.05 7.20 1.20 10.50 1.75 12.40 2.07 13.10 2.18 
Sr  Max 53.20 41.40 0.78 58.40 1.10 57.70 1.08 69.20 1.30 52.70 0.99 
(ppm) Min 29.70 21.80 0.73 45.00 1.52 40.10 1.35 43.70 1.47 43.70 1.47 
  Med 47.45 32.40 0.68 49.20 1.04 49.70 1.05 48.00 1.01 47.00 0.99 
Th  Max 10.80 9.90 0.92 10.20 0.94 11.60 1.07 13.70 1.27 14.00 1.30 
(ppm) Min 5.60 5.50 0.98 8.60 1.54 9.50 1.70 10.90 1.95 7.90 1.41 
  Med 9.60 8.10 0.84 9.40 0.98 11.20 1.17 12.60 1.31 12.80 1.33 
V  Max 64.40 65.80 1.02 63.50 0.99 90.60 1.41 111.00 1.72 118.00 1.83 
(ppm) Min 28.30 34.20 1.21 48.30 1.71 62.90 2.22 89.10 3.15 54.10 1.91 
  Med 52.40 50.60 0.97 53.80 1.03 80.70 1.54 101.00 1.93 104.50 1.99 
Y  Max 36.00 32.30 0.90 39.50 1.10 48.90 1.36 57.20 1.59 51.50 1.43 
(ppm) Min 19.00 18.90 0.99 32.50 1.71 30.60 1.61 43.00 2.26 29.80 1.57 








Table 4.3c.  Average Whole Core ICP-MS Results for Potential Mine Contaminants 




Black Ratio Marina Ratio CW Ratio 
  Creek Creek Webb River Webb River Webb   Webb Dam Webb 
As  Max 7.00 7.40 1.06 8.80 1.26 13.00 1.86 15.00 2.14 17.00 2.43 
(ppm) Min 2.00 3.00 1.50 6.20 3.10 6.60 3.30 12.00 6.00 6.40 3.20 
  Med 5.00 5.50 1.10 7.10 1.42 9.60 1.92 13.00 2.60 11.00 2.20 
Ba Max 475 385 0.81 405 0.85 437 0.92 482 1.01 518 1.09 
(ppm) Min 250 209 0.84 341 1.36 367 1.47 395 1.58 388 1.55 
  Med 411 314 0.76 371 0.90 419 1.02 427 1.04 460 1.12 
Cd  Max 0.26 0.37 1.42 0.56 2.15 0.63 2.42 1.70 6.54 0.60 2.31 
(ppm) Min 0.10 0.07 0.70 0.41 4.10 0.36 3.60 0.38 3.80 0.25 2.50 
  Med 0.22 0.25 1.11 0.48 2.18 0.60 2.70 0.62 2.82 0.45 2.02 
Co  Max 23.20 24.20 1.04 24.20 1.04 34.70 1.50 36.10 1.56 39.00 1.68 
(ppm) Min 10.00 10.10 1.01 14.70 1.47 21.30 2.13 26.60 2.66 17.70 1.77 
  Med 16.75 18.50 1.10 19.80 1.18 29.50 1.76 31.60 1.89 32.60 1.95 
Cu  Max 24.60 61.60 2.50 31.30 1.27 42.70 1.74 72.00 2.93 46.30 1.88 
(ppm) Min 12.90 13.90 1.08 23.20 1.80 25.10 1.95 34.90 2.71 19.60 1.52 
  Med 18.15 20.40 1.12 26.60 1.47 35.25 1.94 39.40 2.17 36.15 1.99 
Ni  Max 25.10 36.40 1.45 40.00 1.59 42.20 1.68 53.80 2.14 56.30 2.24 
(ppm) Min 11.60 13.00 1.12 19.60 1.69 29.20 2.52 36.40 3.14 19.30 1.66 
  Med 18.55 20.35 1.10 25.50 1.37 35.40 1.91 43.30 2.33 42.85 2.31 
Pb  Max 28.10 48.50 1.73 55.70 1.98 74.00 2.63 92.40 3.29 89.80 3.20 
(ppm) Min 14.00 11.40 0.81 35.70 2.55 43.20 3.09 66.50 4.75 22.30 1.59 
  Med 25.00 30.55 1.22 46.40 1.86 65.50 2.62 76.90 3.08 46.25 1.85 
Zn  Max 60.00 72.90 1.22 94.80 1.58 133.00 2.22 232.00 3.87 154.00 2.57 
(ppm) Min 28.30 26.00 0.92 66.60 2.35 69.50 2.46 115.00 4.06 57.30 2.02 




Figure 4.3 is a graphic representation of the data from Table 4.3. Figure 4.3a is a 
graph of the median element concentrations normalized to the Webb Creek sample site 
and shows most of the elements are within a range of approximately two times the 
concentrations found in the Webb Creek sample.  Some metals (As, Cd, Pb, Zn) 
particularly at the Marina sample site are approaching three times the Webb Creek 
concentration. Figure 4.3b shows maximum element concentrations for each of the 
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sample sites. Major elements have increased concentrations for Ca, P, and Mn. High Ca 
values appear to be correlated with high P concentrations at the Lower Black River and 
Marina sites and may be derived from the weathering of apatite in igneous rocks exposed 
only in the Black River subbasin and/or deposition of this mineral in the sediments. 
Phosphorous could also be present from use of fertilizers within the basin however 
agricultural areas are minimal. The Mn maximum value occurs deep in the Clearwater 
Dam core (51 cm). Also showing elevated concentrations are Mo and a number of metals 
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4.4. LEAD ISOTOPIC ANALYSIS  
Results of the lead isotope analyses are shown in Table 4.4. Values for each of the 
radiogenic lead isotopes (206Pb, 207Pb, and 208Pb) increase with decreasing sediment age 
with the exception of samples from the Upper Black River site. Leachable lead in the 
samples ranged from 68 to 89 percent with an average value of 78 percent. Increasing 
radiogenic isotope values are an indication of changing source contributions between the 
bottom and top sediment. 
 
 
Table 4.4. Results of Lead Isotope Analyses for Clearwater Lake. Total lead values are 
from ICP-MS and leachable lead from a weak acid dissolution. 
Total Leachable
Sample No. Pb PPM Pb PPM 206Pb/ 204Pb 207Pb/ 204Pb 208Pb/ 204Pb
WC10 25 18.0 ± 0.2 19.937 ± 0.016 15.731 ± 0.015 39.015 ± 0.050
WC60 25.5 19.1 ± 0.2 19.746 ± 0.018 15.694 ± 0.016 38.960 ± 0.051
LC5 45.8 41.0 ± 0.5 20.580 ± 0.017 15.800 ± 0.015 39.608 ± 0.050
LC28 11.4 7.8 ± 0.1 19.809 ± 0.017 15.704 ± 0.016 39.055 ± 0.050
UBR10 44.8 34.7 ± 0.4 20.637 ± 0.016 15.797 ± 0.015 39.676 ± 0.049
UBR40 55.7 40.0 ± 0.4 20.678 ± 0.017 15.811 ± 0.015 39.722 ± 0.050
LBRA10 63.4 52.9 ± 0.6 20.685 ± 0.017 15.812 ± 0.016 39.714 ± 0.050
LBRA40 64.8 52.2 ± 0.6 20.529 ± 0.016 15.783 ± 0.015 39.559 ± 0.049
M10 76.6 66.2 ± 0.7 20.643 ± 0.016 15.801 ± 0.015 39.645 ± 0.049
M48 72.5 56.3 ± 0.6 20.365 ± 0.017 15.781 ± 0.015 39.457 ± 0.050
CWD10 77.1 65.3 ± 0.7 20.592 ± 0.016 15.796 ± 0.015 39.609 ± 0.049
CWD26 70.6 52.2 ± 0.6 20.187 ± 0.018 15.749 ± 0.016 39.319 ± 0.051






Figure 4.4 is a plot of the 208Pb/204Pb and 207Pb/204Pb versus 206Pb/204Pb for the 
Clearwater Lake samples. The samples have been categorized into no mining, pre 
mining, and post mining sediments. The no mining samples are from the Webb Creek site 
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(post-Bonneterre carbonate terrane) where mining has not occurred within the subbasin.  
Pre mining samples are from the lowest sample in the Logan Creek (post-Bonneterre 
carbonate terrane) core and samples from the Clearwater Dam (Bonneterre and 
Precambrian basement) core that pre date mining activities. The post mining samples are 
from a combination of all cores except the Webb Creek core. Both plots show a linear 
relationship of sediment lead isotopic values with the post mining sediments having the 
highest radiogenic isotopic values. This trend would suggest a mixing of sediment lead 



























































Figure 4.4. Plot of 208Pb/204Pb and 207Pb/204Pb versus 206Pb/204Pb for Clearwater Lake 
samples. Post mining samples have values greater than either no mining or pre mining 
sediments. Black trend lines are for all samples. 
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5.  DISCUSSION 
Lakes and reservoirs are an effective means of capturing and storing sediments 
derived from their watersheds. Contaminants are often associated with fine grained 
sediments due to their large adsorption capacity and may pose a threat to the overlying 
water body and its biota. A systematic analysis of bottom sediments is necessary to 
identify contaminants and to assess their potential affects. Paleolimnological methods 
have been developed to assess chemical and physical changes in sediment composition 
over time and to help identify potential sources of sediment contamination (VanMetre 
and Callender, 1997). 
Aluminum and iron concentrations from bulk sediment analyses can be used to 
indicate variations in sediment source and post-depositional diagenetic effects (Ritson 
and others, 1994). Concentrations of both elements are relatively constant within each 
core collected from Clearwater Lake.  The Webb Creek, Logan Creek, and Upper Black 
River sites had very similar aluminum and iron concentrations, while higher 
concentrations were noted at the Lower Black River, Marina, and Clearwater Dam site 
(Table 5.1). This could be due to a greater proportion of fine sediments (e.g. aluminum 
bearing clay minerals) being deposited at the two intermediate and deeper dam sites, 
though data is not available to support this conclusion.  Another possibility is the 






The East Fork of the Black River drains an area of the St. Francois Mountains that 
contains igneous and metamorphic rocks in addition to the carbonates found throughout 
the remainder of the basin. Fine grained sediments derived from weathering and transport 
of these rocks would be deposited mainly at the Lower Black River and Clearwater Dam 
sites.  The bulk mineralogical analysis however showed a remarkable consistency in the 
sediment mineralogy among sites.  
 
 
Table 5.1. Aluminum and Iron Concentrations in Sample Cores 
Site Al (Wt %) Fe (Wt%)
Webb Creek 2.0-4.4 1.0-2.0 
Logan Creek 2.4-4.6 0.9-2.3 
Upper Black River 3.7-4.7 1.6-2.2 
Lower Black River 4.5-6.4 2.0-3.3 
Marina 6.1-7.3 3.0-3.9 
Clearwater Dam 5.6-7.9 2.5-4.0 
 
 
Further analysis of the aluminum concentrations reveals fairly consistent 
concentrations throughout the cores at the Webb Creek, Upper Black River, and Lower 
Black River sites. The Logan Creek and Clearwater Dam sites had a positive trend with 
increasing aluminum concentrations from the bottom to the top of the core. This increase 
is believed to be associated with an increase in soil derived sediment input to the 
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reservoir as a result of land disturbance related to mining and other development 
activities within the Logan Creek and Black River sub basins. The Logan Creek site and 
Clearwater Dam pre-mining sediments display a strong correlation (r=0.95) between lead 
and aluminum concentration (Fig. 5.1). By contrast, the Clearwater Dam post-mining 
sediments have slightly higher aluminum, significantly higher lead but neither element 
correlates well with each other. The relationship in the post mining samples indicates a 
new source of lead to the sediments that is not associated with clay material. The 
aluminum concentration at the Marina site has a very irregular pattern (Fig. 5.2) that 
resembles pulses of aluminum rich sediment to the site. These pulses may be related to 
unusually wet years documented by stream hydrologic data. The USGS stream gage on 
the Black River at Annapolis has a more than 60 year record (1940-present) of 
measurement. The annual mean discharge at the site for the period 1940-2001 is 601 
cubic feet per second (cfs) and a median discharge of 544 cfs. Some notably large annual 
mean discharges have occurred during 1957 (1048 cfs), 1973 (1229 cfs), 1985 (1400 cfs), 
and 1993 (1005 cfs) (Fig. 5.3). This correlation with aluminum peaks cannot be verified 
due to lack of age dating at this site, but the aluminum contents do appear to be consistent 
with estimated peak river flow and sedimentation rates. 
Use of raw metal concentrations is preferred as an analysis tool when the 
conservative element analysis does not indicate high variability or trends (Mahler and 
others, 2006). Normalization of metal data was not deemed necessary based on the 
conservative element analysis discussed previously and a lack of evidence to indicate any 






































Figure 5.1. Lead versus aluminum concentration at the Clearwater Dam sample site. Pre-
mining sediments display a strong positive correlation between lead and aluminum while 






































Figure 5.2. Aluminum concentration at the Marina sample site. The site shows a unique 
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Another factor that can affect trace element concentrations in reservoir sediments 
is dilution. Trace elements have an affinity for finer grain size material (Horowitz, 1991), 
and the addition of coarser material to the sediment profile can result in a dilution of the 
trace element concentrations. Because quartz is considered to be a minor constituent in 
clay size sediments (Forstner and Wittman, 1979) it can be used to determine the amount 
of silt and sand size material in a sediment sample. This investigation did not include a 
silicon analysis, so a direct quantitative estimate of quartz abundance is not possible. A 
sub sample of each core was analyzed for particle size distribution and bulk 
mineralogical analysis. A measurement of the quartz peak intensity from the x-ray 
diffraction analysis of bulk sediment samples can be used as a semi-quantitative measure 
of the larger grain size material in the sample. Figure 5.4 shows the quartz peak intensity 
versus lead concentration for the samples from all six sites in Clearwater Lake. The plot 
indicates that as quartz intensity increases, lead concentration decreases. Figures 5.5-5.7 
show the lead concentration versus particle size. Most of the sediment samples are 
dominated by silt size material with roughly equal portions of sand and clay. There 
appears to be no correlation between percent sand (r=-0.39), percent silt (r=0.22) and lead 
concentration, but a correlation does exist (r=0.70) for clay percent versus lead 
concentration in the sediment core sub samples. While it does appear that dilution might 
be a factor in the Clearwater Lake sediments, a determination was made not to apply a 


































Figure 5.4. Quartz peak intensity versus lead concentration for Clearwater Lake sample 
sites. Lead concentration decreases with increasing quartz intensity suggesting a dilution 





































Figure 5.5. Plot of sand percent versus lead concentration in selected samples. There 





































Figure 5.6. Plot of silt percent versus lead concentration in selected samples. There 






































Figure 5.7. Plot of clay percent versus lead concentration in selected samples. There 
appears to be a weak correlation between clay size material and lead with lead 
concentration increasing with increasing clay content in the sample. 
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5.1. SOURCES OF SEDIMENT METALS 
The principal metals mined from the Viburnum Trend mines are lead and zinc. 
Minor amounts of copper, silver, cadmium, cobalt, nickel, and arsenic also occur and 
with the exception of copper and silver are generally not recovered during ore processing. 
These elements are also known as trace elements and are found in relatively low 
concentrations (less than 0.1 percent) in the environment (Adriano, 1986). Approximately 
250 million tons or ore have been processed in the Viburnum Trend. Ores typically 
contain about 5.5 percent lead by weight, 1 percent zinc and about 0.2 percent copper, all 
in the form of sulfide minerals (Doe Run Company, 1999). Metals are separated from the 
host rock through a process known as beneficiation (Hudson and others, 1999) which 
includes crushing, flotation, and creation of waste tailings.  The metal-rich product of the 
beneficiation process is called concentrate and is the material that feeds the smelting 
process. 
The Doe Run Company processes lead concentrate that is transported to one of 
two primary smelters in Herculaneum or Glover, MO.  Operations at the Glover facility 
were suspended as of December, 2003 due to decreased lead demand (Doe Run 
Company, 2006). A third primary lead smelter was operated at Buick, MO from 1968 to 
1988, at which time the smelter was converted to a lead recycling facility.  Zinc and 
copper concentrates are sold to other companies for recovery of the economic metals.  
The Doe Run Company claims a recovery rate of 90 percent of metals from their tailings 
materials (Doe Run Company, 2002).  Even with this high metal recovery rate, large 
amounts of metals remain in the waste tailings due to the sheer volume of ores that 
are/were processed.  Table 5.2 is a summary of the Doe Run 2003 toxic release inventory 
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as reported to the Environmental Protection Agency for the southeast Missouri Mining 
and Milling Division showing a total of 41,398,504 pounds of  metals being released to 
the air, land and water of southeast Missouri.  
 
 
Table 5.2. Summary of Toxic Release Inventory (pounds) for Viburnum Trend Mines 
During the 2003 Calendar Year  
Materials Air Land Water Totals 
Antimony ----- ----- ----- -----
Arsenic ----- ----- ----- -----
Cadmium ----- ----- ----- -----
Chromium ----- ----- ----- -----
Cobalt 110 275,522 275,632
Copper 3,135 5,115,980 593 5,119,658
Dioxin ----- ----- ----- -----
Lead 109,722 18,363,795 3,863 18,477,380
Nickel 165 530,965 ----- 531,130
Silver ----- ----- ----- -----
Zinc 19,988 16,959,235 15,481 16,994,704





This investigation has reported concentrations of more than three times the 
normal background for arsenic, cadmium, copper, molybdenum, lead, and zinc in the 
sediments of Clearwater Lake.  Sample sites selected for this investigation allow for 
comparison of sediment metal trends among sites representative of no mining activity 
(Webb Creek), a single active mine (Logan Creek), multiple mines (Upper and Lower 
Black River and Marina) and a site representing a composite of all six mines within the 
Black River Basin (Clearwater Dam).  
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Sediment lead in Clearwater Lake would be derived from multiple sources within 
the drainage basin. Lead derived from galena could result from incomplete recovery of 
ore lead during mining and processing of ores. These sources of lead would be in tailings 
material and as atmospheric fallout from smelting. Galena could also be present as 
disseminated sulfide particles derived from mineral host rock that is too low of grade to 
be processed as ore. Other sources may be lead derived from naturally weathered bedrock 
and soils, atmospheric deposition from automotive exhaust; coal fired power plants; 
wood burning; forest fires, and lead from marine fuels used in recreational watercraft 
operating on the lake.  
Carbonate rocks of Cambrian through Mississippian age in the mid-continent 
region have been shown to contain anomalous concentrations of lead and other metals. 
Elevated metals concentrations have been shown to be associated with the major 
structural zones in the Ozarks including the St. Francois Mountains (Lee and Goldhaber, 
2001). Erickson and others (1978) reported minimum values (in ppm) for metals in a 
study of the Rolla 1o X 2o quadrangle of: arsenic, 200; zinc, 200; lead, 100; copper, 100; 
nickel, 70; cobalt, 30; molybdenum, 10; and silver, 1. A subsequent study found high 
metal contents in insoluble residues of samples taken from the area of the boundary of the 
Eminence and Potosi Dolomites (Erickson and others, 1981). Maximum metal contents 
(in ppm) reported in their study are: arsenic, 7000; lead, 5000; molybdenum, 2000; 
copper, 1000; zinc, 1000; nickel, 1000; cobalt, 500; and silver, 50. While these maximum 
values were found in a drill core taken outside the Viburnum Trend, elevated metals 
concentrations in southeast Missouri carbonates could account for background levels of 
lead that are greater than the average composition of crustal rocks from other regions. 
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Sediments derived from the weathering of Precambrian igneous rocks of the St. 
Francois Mountains or their sedimentary derivatives may also be a potential source of 
sediment metals. Precambrian ore deposits are known to contain iron, titanium, copper, 
cobalt, nickel, molybdenum, lead, and zinc (Kisvarsanyi, 1977). 
A potential major source of metals in the Black River Basin is from the waste 
tailings from ore processing.  Process water and tailings solids from the mine-mill 
processes are discharged to engineered catchment ponds that attempt to prevent 
movement of the tailings into the environment. As the catchment ponds fill with tailings 
material, some of the tailings may become exposed, dehydrated, and carried away by the 
wind. Much of the windblown material may be deposited on the forest floor in close 
proximity to the tailings ponds where metals are accumulated in the uppermost organic 
layers of soils (Bolter and others, 1974; Bornstein, 1989, Rucker, 2000; Krzaklewski and 
others, 2004). Research has shown forest soils are extremely effective at accumulating 
and retaining atmospheric lead (Wang and others, 1995).  
A portion of the windblown tailings is retained in the leaf litter and other organic 
material that is subject to mobilization and transport through the formation of dissolved 
aqueous complexes (Bolter and Butz, 1975; Drever, 1997). Studies in the Black River 
Basin have found that dissolved metal concentrations in forest streams and rivers is 
relatively insignificant (Gale and others, 1972; Schmitt and Finger, 1982; Faeth, 2004; 
Wronkiewicz and others, 2005). These same studies found that the majority of lead in 
stream and lake sediments is transported in particulate form. The highest concentrations 
of metals in stream sediments are found proximal to tailings pile effluent inputs.  
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A major source of atmospheric lead deposition up until the mid-1970s was 
burning of leaded gasoline in automobiles. This is particularly true for urban areas where 
the concentration of automobiles was the greatest and to a lesser extent in rural areas. The 
mean atmospheric lead deposition rate in µg/cm2/yr for urban, suburban, and rural 
settings was determined to be 14.5, 1.9, and 0.7, respectively (Callender and Van Metre, 
1997). Their studies have shown that lead concentrations in lake sediments decline 
sharply following the phase out of tetraethyl lead in gasoline in the United States 
beginning in the early 1970s. Evidence from the present study, in particular the Webb 
Creek sample site, does not show a general increase and corresponding decrease in 
sediment lead that can be associated with atmospheric deposition from leaded gasoline. 
Thus, atmospheric deposition from combustion of leaded fuels in automobiles does not 
appear to be a significant factor in providing contaminant lead to the Clearwater Lake 
Basin. 
Clearwater Lake is used for many recreational activities including boating. As is 
the case with automobiles, before the banning of leaded gasoline, lead may have been 
contributed by motor boat exhaust or spills during refueling or other accidental handling 
of marine gasoline. 
5.2. SEDIMENT METAL CHEMISTRY 
Iron and manganese oxyhydroxides have been shown to play a significant role in 
adsorption of metals present in stream waters (Horowitz, 1991). This is also true of lake 
sediments with clays and organic matter being other important substrates for metals 
adsorption (Tessier and others, 1985). Oxyhydroxides are present as both discrete grains 
of oxide minerals and coatings on silicate grains in the sediment. They have large surface 
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areas and are most efficient at concentrating trace metals (Horowitz, 1991), including 
waters from the Black River system (Faeth, 2004). Algae and other aquatic plants have 
also been found to act as filters, removing soluble lead and zinc from aqueous 
environments (Gale and others, 1973). Organic material may also play a significant role 
in interacting with manganese colloids through dissolution of the manganese and sorption 
of the associated metal particles. Schmitt and Finger (1982) used sequential extraction 
procedures to determine metal phases in their study that included sampling sites from 
Clearwater Lake. They found lead in the iron and manganese bound fraction to be 
greatest followed by carbonate-bound and organically-bound lead in Clearwater Lake 
samples. 
Iron is very abundant in crustal rocks. Under normal weathering conditions, it 
may be present as ferrous (Fe2+) or ferric (Fe3+) iron, with Fe2+ generally being the more 
soluble oxidation state. In oxidizing environments, ferric iron will form stable oxides and 
oxyhydroxides. In reducing environments, the oxyhydroxides would be dissolved 
resulting in increased concentrations of the Fe2+ species. Manganese, while less abundant 
than iron, has similar chemical behavior and exists in three valence states (Mn2+, Mn3+, 
and Mn4+). The Mn2+ valence state is more soluble and the Mn4+ valence state will form 
oxides under oxidizing conditions. The oxidation of manganese is mediated by microbial 
activity (Warren and Haack, 2001). The Mn3+ valence state is somewhat unstable and 
stable species generally do not exist in normal atmospheric conditions. 
Chemical changes in sediments are affected by microbial metabolism resulting in 
the vertical zonation of redox conditions. Changes in redox conditions can result in phase 
transformations and/or dissolution of iron and manganese oxyhydroxides and any 
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contaminant metals associated with them (Callender, 2000; Warren and Haack, 2001). 
Iron and manganese oxyhydroxides precipitate at the oxic-anoxic boundary in sediment. 
These precipitates have large surface areas and are efficient scavengers of metals 
(Stumm, 1992). 
Oxygen depletion in deeper sediments results in anoxic chemical reactions 
including the reduction of iron and manganese, reduction of sulfate, and production of 
methane (Berner and Berner, 1987). Pore water oxidants are consumed in the order of 
oxygen, followed by manganese oxide, nitrate, and finally iron oxyhydroxides (Froelich 
and others, 1979). Sediment pore water studies have shown that iron and manganese 
diffusing upward from reduced anoxic sediments is trapped in the form of reprecipitated 
oxyhydroxides in the oxic sediment zone (Tessier and others, 1985; Froelich and others, 
1979). Metals in pore waters of reduced sediments may also migrate upwards and be 
readsorbed by oxyhydroxides in the oxic portion of the sediment profile (Williams, 1992; 
Forstner and Wittmann, 1979). The adsorption-desorption process along with other 
chemical processes occurring in the sediments can have an effect on sediment metal 
concentrations as well as exchange of metals between the sediment and water column 
(Baudo and others, 1990). 
Examination of iron and manganese in sediment cores reveals a somewhat 
different relationship than that observed in stream sediment. Table 5.3 shows the 
correlation coefficient of mining related metals to iron and manganese at each sample 
site. The correlation fields have been color coded with green representing a moderate 
(r=0.60-0.79) positive correlation and yellow indicating a strong (r=0.80-1.0) positive 
correlation. Most of the metals show a moderate to strong positive correlation to iron in 
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the sediments.  Sphalerite (Zn,Fe)S and chalcopyrite (CuFeS2) are major products 
produced from the Viburnum Trend mines and would account for the strong correlation 
of iron with zinc and copper respectively.  Barium is the major exception to this pattern 
only having a moderate correlation to iron at the Webb Creek site, a strong correlation to 
iron at the Logan Creek site, and a weak to negative correlation at the Upper and Lower 
Black River, Marina, and Clearwater Dam sites. This may be due to barium forming 
insoluble salts with carbonate and sulphate ions. This is consistent with the findings of 
Schmitt and Finger (1982). Using the sequential extraction method, they found barium to 
be present mostly in its residual form (BaSO4) in Clearwater Lake sediments. 
 
 
Table 5.3. Whole Core Correlation Values for Mining Related Metals with Iron and 
Manganese.  Green highlights indicate a moderate correlation and yellow indicates strong 
correlation. 
Correlation with Fe (r)
As Ba Cd Co Cu Ni Pb Zn
Webb Creek 0.38 0.67 0.48 0.63 0.74 0.84 0.73 0.85
Logan Creek 0.97 0.95 0.97 0.98 0.58 0.83 0.97 0.98
Upper Black 0.68 -0.04 0.61 0.81 0.89 0.50 0.58 0.87
Lower Black 0.81 0.27 0.80 0.87 0.89 0.80 0.73 0.93
Marina 0.70 0.31 0.15 0.90 0.58 0.89 0.72 0.71
Clearwater Dam 0.63 -0.40 0.96 0.95 0.97 0.94 0.96 0.99
Correlation with Mn (r)
Webb Creek 0.01 0.36 -0.14 0.19 0.29 0.28 0.04 0.20
Logan Creek 0.66 0.57 0.62 0.69 0.14 0.31 0.58 0.56
Upper Black 0.60 -0.04 0.25 0.55 0.57 0.26 0.21 0.54
Lower Black 0.62 0.23 0.29 0.31 0.39 0.26 0.23 0.35
Marina 0.38 0.00 -0.09 0.15 -0.01 0.11 0.07 0.06





The Clearwater Dam site shows an unusual pattern with respect to iron that can be 
described as a pre mining and post mining effect. Figure 5.8 shows a plot of lead versus 
iron concentration that has two distinct fields. The pre mining sediments have a strong 
correlation with iron (r=0.94) while the post mining sediments are not correlated with 
iron (r=0.27). This relationship indicates a different source between the pre and post 
mining periods. The strong correlation with iron and also aluminum (Fig. 5.1) may 
indicate lead associated with iron bearing clay minerals in the pre mining sediments. The 
post mining relationship may be related to a changing transport mechanism, possibly an 
association of lead with organic material in the bottom sediments of the post mining era. 
Gale (1976) found that the thickest accumulations of organic debris in Clearwater Lake 
occurred in deep water areas near the dam. Organic matter tends to form stronger bonds 
with sorbed metals (Warren and Haack, 2001). The lack of correlation with iron might 
also indicate a shift in post mining deposition to increased atmospheric deposition of 
particulates from fugitive dust related to milling and smelting operations, within the 
Black River Basin. In addition to six mines, the Buick smelter is also located in the basin. 
A similar relationship exists between lead and aluminum at the Clearwater Dam 
site (Fig. 5.1). Schmitt and Finger (1982) found that clay size sediments within 
Clearwater Lake had the lowest concentrations of lead, zinc, and cadmium. They found 
that metals were most strongly correlated with silt size sediment particles. Silt is the 
predominant size of the mine tailings. This study has shown a strong correlation of lead 




Seasonal stratification of the lake may result in dissolution of iron and manganese 
oxides and release of residual metals. Schmitt and Finger (1982) reported between 22 and 
24 percent residual lead in Clearwater Lake.  Some reprecipitation of sulfides may also 
occur under anoxic conditions.  
Another possible explanation for the relationship between iron, aluminum, and 
lead is that there is more sediment lead in the system following the beginning of mining 
operations. Figure 5.9 shows lead concentration versus lead/iron and lead/aluminum 
ratios. The distributions in these plots indicate that the increase in lead is greater than that 
of iron or aluminum. Figure 5.10 shows a lead/iron versus lead/aluminum ratio plot. The 
pre and post mining fields are distinctly different in this ratio plot. In order for the 
lead/iron and lead/aluminum ratios to increase, lead has to be increasing in the sediments 
relative to both iron and aluminum. This could be indicative of a different method of lead 
transport or simply more lead adsorbing to the same relative amount of iron or aluminum 











































Figure 5.8. Lead versus iron concentrations for Clearwater Dam site. Pre and post mining 






























































Figure 5.9. a) Lead versus lead/iron ratio and b) lead versus lead/aluminum ratio for 
Clearwater Dam site. Pre and post mining sediments separate into distinct fields 
































Figure 5.10. Lead/iron ratio versus lead/aluminum ratio for Clearwater Dam site. The 






Manganese does not show a strong correlation with any of the metals and 
generally has much weaker correlations than iron.  This is in contrast to the findings of a 
study of Black River sediments which indicated a strong correlation of lead and zinc with 
manganese (Faeth, 2004). The exception is a moderate correlation with arsenic at the 
Logan Creek and Upper and Lower Black River sites. This may be due to the difference 
in sedimentary environments.  The Logan Creek (20 ft), Upper Black (32 ft), and Lower 
Black (31 ft) sites are relatively shallow water sites with respect to Clearwater Dam (52 
ft). The shallow sites may not be subject to complete thermal stratification and would be 
less likely to have anoxic conditions in the sediments. They are also in riverine to 
intermediate flow (between riverine and lacustrine) zones and would be subject to mixing 
from wind and water inflow to the reservoir.  
The Clearwater Dam site is sufficiently deep to stratify during summer and winter 
periods.  Redox conditions in lakes are affected by the availability of oxygen and 
decomposition of organic matter (Drever, 1997).  Diffusion of oxygen into sediments 
during overturn will only penetrate a few centimeters (Wetzel, 2001). During 
stratification, oxygen is used up by aerobic bacterial breakdown of organic matter, 
causing a decrease in redox potential and pH as a result of the oxygen depletion.  
Stratification of Clearwater Lake is generally established during May with hypolimnetic 
oxygen depletion reported during late summer (FTN Associates, 1999). Under such 
conditions, manganese is solubilized and released from the sediments.  Manganese 
remains soluble if oxygen saturation is less than 50 percent (Wetzel, 2001). This is 
typical of dimictic temperate lakes where during stratification, the oxic/anoxic boundary 
moves up into the hypolimnion from the sediment-water interface.  
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Analysis of manganese data for the Clearwater Dam site shows a decreasing trend 
in concentration from the bottom to top of the sediment core (Fig. 5.11). A mass 
accumulation rate scaling factor was used to adjust the 137Cs peak to the 1964 date in the 
sediment core sample. Analysis of the mass accumulation rate data indicates a faster rate 
of sediment accumulation in the bottom portion of the core (approximately the period 
from 1948 to 1958) than in the top of the core. In reservoirs with rapid sedimentation 
rates, sedimentary diagenesis can be disrupted. This occurs because sediment particles 
are unable to equilibrate in a sediment layer before being buried by an overlying sediment 
layer (Callender, 2000). Manganese reduction is inhibited by a lack of organic material 
and microbial degredation in the sediments and thus manganese is retained in the 
sediments. Eventually, the sedimentation rate may have slowed sufficiently to allow for 
the reduction and solubilization of manganese with diffusion into the overlying water 
column. Further evidence for manganese solubilization and flushing from the reservoir is 
provided by observed high concentrations of manganese in freshwater mussels (Schmitt 
and Finger, 1982). The highest concentrations of manganese for all sites in their study 
were from mussels sampled below Clearwater Dam (C.J. Schmitt, oral commun., 2004).  
Faeth (2004) found that both lead and zinc had a strong correlation with 
manganese in sediments of the West Fork Black River near the tailings piles. Manganese 
may preferentially remove lead and zinc from the system by absorptive uptake in 
manganese oxides and oxyhydroxides which remain in the instream portion of the 
sediment load. Data from this study show a stronger correlation to iron suggesting a 
transfer of adsorbed metals from manganese to iron oxides during the transport process. 
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In the presence of sufficient sulfide, iron will be reduced and precipitate out as 
FeS2 minerals.  Manganese is generally undersaturated with respect to sulfide phases and 
does not form a sulfide precipitate (Wetzel, 2001). Also in the reducing conditions of the 
deep water sediments, other metals may also be re-precipitated as sulfides. Dissolved lead 
in anaerobic sediments thus may be immobilized as PbS (Rickard and Nriagu, 1978). 
During fall and spring turnover, oxygen is redistributed throughout the water and 
sediment by mixing, and iron and manganese cycling may cause metals to be re-adsorbed 
to oxide phases.  
During the spring of 2002, Clearwater Lake reached the highest stage level in its 
history at 566.5 feet, just one half foot below flood pool elevation. Large amounts of 
organic debris entered the lake during this period. A strong odor of sulfide was detected 
at the tailrace of the dam as well as throughout the sampling sites during a limnological 
sampling trip on July 2, 2002 for another USGS study. Water elevation was recorded at 
532 feet as reported on the Corps of Engineers web site on the day of sampling, still 28 
feet above conservation pool.  Two water grab samples were collected at each site, one 
from 2 meters depth and the other within 1 meter of the bottom.  Some sites had what 
appeared to be black iron flocculent (FeS2?) in the water near the bottom. Maximum 
concentrations for lead (89.8 µg/g), zinc (154 µg/g), cadmium (0.6 µg/g), and cobalt (39 
µg/g) were recorded for this interval in the Clearwater Dam site core. Also, maximum 
values were recorded for arsenic (13 µg/g) at the Lower Black River site and copper 


































Figure 5.11. Manganese concentration with depth at the Clearwater Dam sample site. 
Manganese remains in sediment during early years after completion of reservoir due to 





5.3. SAMPLE SITE METAL CONCENTRATIONS 
Metal concentration varied among sample sites with the highest concentrations 
occurring at either the Marina or Clearwater Dam site.  Lead concentrations range from 
14.0 to 28.1 µg/g at Webb Creek, 11.4 to 48.5 µg/g at Logan Creek, 35.7 to 55.7 µg/g at 
Upper Black River, 43.2 to 74.0 µg/g at Lower Black River, 66.5 to 92.4 µg/g at Marina 
and 22.3 to 89.8 µg/g at Clearwater Dam. The ranges of concentrations for zinc were 28.3 
to 60.0 µg/g at Webb Creek, 26.0 to 72.9 µg/g at Logan Creek, 66.6 to 94.8 µg/g at 
Upper Black River, 69.5 to 133.0 µg/g at Lower Black River, 115.0 to 232.0 µg/g at 
Marina and 57.3 to 154.0 µg/g at Clearwater Dam. 
Figures 5.12-5.19 are plots for minimum, maximum, and median concentrations 
for mining related metals at each sample site. Minimum concentrations within the entire 
basin for arsenic, cobalt, and nickel occur at the Webb Creek site with the maximum 
concentrations at the Clearwater Dam sample site. The minimum concentration value for 
copper is at the Logan Creek site with the maximum at the Marina site. Minimum 
concentrations for lead and zinc both occur at the Logan Creek site with maximum 
concentrations at the Marina site. Barium has the least variability of the metals with a 
minimum at the Logan Creek site and maximum at the Clearwater Dam site. Cadmium 
values are near the lower limit of detection and may not be reliable (Sanzolone, written 
commun., 2004). Figure 5.20 is a plot of metal concentration versus core depth for the 
Clearwater Lake Dam site. Cadmium and arsenic remain relatively constant throughout 
the entire period represented by the core sample (1948-2002). Barium, after a slight 
initial increase, continues a gradual decrease in concentration in younger sediments.  
Cobalt, copper, and nickel all have similar increases in concentration over time, and lead 
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displays a large increase in concentration over time with a substantial increase occurring 
about the midpoint in the depth of the core. 
Both the Logan Creek and Clearwater Dam sample sites show a clear positive 
trend in concentration over time for lead, zinc, cadmium, arsenic, cobalt, chromium, 
copper, and nickel. These metals occur in highest concentrations in the younger 
sediments. In contrast, Mahler and others (2006), in a study of 35 reservoirs and lakes 
throughout the United States, found that the number of lakes with decreasing trends in 
younger sediments for cadmium, chromium, copper, lead, mercury, nickel, and zinc 



































































































































































































































































Figure 5.20. Metal concentration with depth for the Clearwater Dam sample site. Lead, 
cobalt, copper, and nickel display increasing concentrations. Cadmium and arsenic 
remain relatively constant and barium decreases over time with decreasing depositional 





Figures 5.21-5.26 show total lead concentration correlated with sediment depth 
for each of the sample sites.  There is no apparent trend in lead concentration over time at 
the Webb Creek site. The median value is 25 µg/g with a minimum value of 14.0 µg/g 
and a maximum of 28.1 µg/g. The Logan Creek site shows a positive trend with 
decreasing depth and a maximum lead concentration of 48.5 µg/g or nearly double the 
concentration found in the Webb Creek sample.  The Clearwater Dam sample also shows 
a positive trend in the lead concentration with decreasing depth with a maximum 
concentration of 89.8 µg/g; nearly double the Logan Creek value and approximately 3.5 
times the average concentration of Webb Creek.  The Clearwater Dam site exhibits a 
dramatic increase in the lead concentration value from 48.6 µg/g to 77.9 µg/g between 
the depths of 27 cm and 25 cm. As mentioned previously, the Upper Black River, Lower 
Black River and Marina sites also showed increasing metals concentrations over time, but 
did not show intervals with marked increases.  This is likely due to the location of these 
sample sites on the main Black River channel inflowing to the reservoir. There is more of 
a likelihood that these sites would have been more susceptible to mixing during storm 
events and from density currents present in the reservoir. A turbidity plume was 
witnessed during limnological sample collection at the Lower Black River site that 
appeared to be the result of bank erosion.  Dating of the Lower Black River site indicated 
that the sample that we collected only contained sediment material to some time after the 
1964 cesium peak and it is believed that neither the Upper Black River nor Marina cores 
represent material older than this age. This could explain the relatively higher and 
invariant concentrations of lead in these cores, relative to those present in Webb Creek, 

































Figure 5.21. Total lead concentration with depth for Webb Creek sample site. There is no 











































Figure 5.22. Total lead concentration with depth for Logan Creek sample site. Lead 
concentration increasing in younger sediments to nearly double Webb Creek 










































Figure 5.23. Total lead concentration with depth for Clearwater Dam sample site. Lead 
concentration increases in younger sediments with maximum concentration nearly two 
times greater than Logan Creek and more than three times greater than Webb Creek 

















































































































































Figure 5.26. Total lead concentration with depth for Marina sample site. 
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The real significance of this increase in concentration becomes apparent when 
isotopically determined age dates are applied to the Clearwater Dam sample.  The core 
sample collected at this site is considered to be a complete core in that there were clear 
indications that the pre-impoundment surface was penetrated during collection (presence 
of root hairs), thus the sediment core would represent the complete sedimentation history 
of the reservoir from its time of impoundment to the time of sample collection (1948 to 
2002).  The core samples submitted for dating were collected in 2 cm increments and the 
27 cm and 25 cm depths represent the mid point depths of the 26-28 cm and 24-26 cm 
samples.  Figure 5.27 shows the lead concentration by date of the Clearwater Dam 
sediment core. The 27 cm depth equates to a date of 1965, the year that marks the 
beginning of mining operations in the Black River Basin.  The date is determined using a 
combination of radiometric dating techniques with the 210Pb and 137Cs isotopes. The 
vertical distribution of these isotopes in a sediment profile can be used to calculate the 
age of the sediment. The 25 cm depth equates to a date of approximately mid-1967 or 
about 2.5 years after the beginning of active mining in the Black River Basin. There is a 
29.3 µg/g increase in sediment lead concentration following the beginning of mining 
operations in the Black River Basin. There is also a gradual increase in lead concentration 
starting at approximately the 1953 timeframe. This may be related to the filling of the 
reservoir beginning in 1948 and the gradual accumulation of finer grained and more 
metal rich sediment in the deeper portion of the lake. As the reservoir filled, the sediment 
grain size would be expected to decrease and there would likely be an accumulation of 
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Figure 5.27. Sediment total lead concentration versus age for Clearwater Dam sample 
site. An abrupt increase in lead concentration is associated with the beginning of mining 






5.4. ANTHROPOGENIC LEAD IN SEDIMENTS 
The total lead concentration is comprised of two components: the lithophile lead 
or that lead that is derived from the weathering and transport of earth materials in the 
basin and the anthropogenic lead resulting from human activities such as combustion of 
leaded fuels, mining, milling, smelting, forest fires, etc.  
Shotyk and others (2000) have developed a methodology for computing 
anthropogenic lead accumulations in Swiss peat bogs.  Their method uses a conservative 
lithogenic reference element such as zirconium or scandium that has no major 
anthropogenic sources, thus increases in the lithogenic component of lead concentration 
would be reflected by a similar increase in the reference element.  Increases in total lead 
concentration that are not predicted from the reference element calculation would be 
attributed to anthropogenic sources.  
Scandium is the reference element used in the analysis of the Clearwater Dam 
sediment core. Scandium is a transition metal with a crustal abundance similar to lead. It 
occurs in nature primarily as a trace constituent of ferromagnesium minerals. It is known 
to substitute for Al3+ and Fe2+ in common rock forming minerals. Scandium has only one 
oxidation state (Sc3+) and thus its solubility is not directly affected by redox potential 
(Curtis, 1972). The Sc3+ ion is not believed to exist in solution, but rather has a tendency 
to form stable complexes. It may co-precipitate with ferric hydroxide and is also adsorbed 






The lithogenic lead concentration is computed using the following: 
 
[Pb]lithogenic = [Sc]sample * ([Pb]/[Sc])lithogenic                                                 (3) 
 
where [Pb]lithogenic is the concentration of lead in units of µg/g and [Sc] is 
the concentration (µg/g) of scandium   
 
The calculation of the Pb/Sc ratio is based on the average composition of these 
elements in the earth’s crust (Pb = 14.8 µg/g, Sc = 16 µg/g) according to Wedepohl 
(1995).  Figure 5.28 shows the result of the lithogenic lead computation based on the 
scandium concentrations detected in the Clearwater Dam sediment core. The 
anthropogenic lead is calculated by subtracting the lithogenic concentration from the total 
concentration (Fig. 5.27):  
 
[Pb]anthropogenic = [Pb]total – [Pb]lithogenic                                                       (4)                        
 
Sources of anthropogenic lead in the Black River Basin prior to the beginning of 
mining activities would be atmospheric deposition and fluvial transport of lead from 
burning of leaded gasoline, coal-fired power plants, waste water effluent, wood burning, 
and forest fires. Minor amounts might also result from logging and wood waste from 
logging activities. Beginning around 1953, there is an increase in the anthropogenic lead 
component which may be related to exploration activities in the Viburnum Trend and 
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subsequent opening of mine/mill complexes located just outside the Black River Basin in 
1960. The first mine within the basin did not open until 1965. 
The Webb Creek site has a mean concentration of lead of 24.8 mg/g with a 
standard deviation of 2.2 mg/g. The Clearwater Dam core has a similar consistency in the 
interval from 37 cm to 53cm with a mean lead concentration of 35.0 mg/g with a standard 
deviation of 2.0 mg/g. The last interval at depth 54 cm is not included because it is from 
the old soil surface rather than sediment. The calculated date for the sample at 37 cm is 
1954 pre-dating the beginning of mining activity in the basin. The next interval (36 cm) is 
dated at 1956 and the mean and standard deviation for the interval 36 to 53 cm is 35.2 
mg/g but the standard deviation increases to 3.7 mg/g. This increase may be associated 
with ground disturbance and associated runoff from development of park facilities around 
the lake and also from mineral prospecting activities occurring in the basin. There is a 
continual gradual increase in the lead concentration up until about 27 cm where there is a 
substantial increase in the anthropogenic lead concentration of the Clearwater Dam 
sample site (Fig. 5.29) dated between 1965 and 1967. This timing is consistent with the 
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Figure 5.28. Lithogenic lead computed from sediment scandium concentration at 






















Clearwater Dam Lithogenic vs Anthropogenic Pb

























Figure 5.29. Lithogenic and anthropogenic lead concentrations at the Clearwater Dam 
sample site. Anthropogenic lead concentration increases abruptly around the time of the 




Figures 5.30 and 5.31 show the lithogenic versus anthropogenic lead for the Webb 
Creek and Logan Creek sample sites respectively. The lithogenic lead concentration for 
both sites, computed from the scandium concentration, is lower than that of the 
Clearwater Dam site. This may be due to the predominance of carbonate bedrock in these 
two sub basins. Carbonates tend to have relatively low scandium concentrations (Norman 
and Haskin, 1968). The Clearwater Dam site would contain sediment derived from the 
igneous basement rocks exposed in the upper portion of the Black River sub basin. 
The Webb Creek site, which has not had mining in its sub basin, has a relatively 
consistent concentration of anthropogenic lead over time (Fig. 5.30). Logan Creek, which 
has a single mine in its sub basin, shows a similar profile to that of the Clearwater Dam 
site but with maximum lead concentrations only about half those of the Clearwater Dam 







Webb Creek Lithogenic vs Anthropogenic Pb





































Logan Creek Lithogenic vs Anthropogenic Pb



































Background values for lead in soils and sediment indicate that the scandium 
calculation may underestimate the lithogenic component lead at the Clearwater Lake 
sample sites. Background lead concentrations for soils in the Viburnum Trend have been 
reported between 15-20 mg/g (Bolter and others, 1975; Rucker, 2000). Background lead 
concentrations for sediments in streams of the Ozark Plateau considered to be unaffected 
by mining range from 15-28 mg/g (Petersen and others, 1995). Also, the sample from the 
Clearwater Dam core at 54 cm depth that penetrates the pre-impoundment surface has a 
lead concentration value of 22.3 mg/g. The interval above it representing the first 
sediment sample at that site has a value of 35.8 mg/g. Use of a local background value in 
the lithogenic calculation would in affect eliminate most of the anthropogenic lead from 
the Webb Creek site and reduce the anthropogenic value at the remaining sites but would 
not change the overall relationship between lithogenic and anthropogenic lead at the 
Clearwater Dam sample site. The anthropogenic component is clearly the major portion 
of the lead concentration following the beginning of mining operations in the Black River 










Clearwater Dam Background vs Anthropogenic Pb 




























Figure 5.32. Lithogenic and anthropogenic lead concentrations at Clearwater Dam sample 
site. Lithogenic lead concentration is based on the average concentration at the Webb 
Creek site. Anthropogenic component is dominant following beginning of mining 
activities within the Black River basin. 
  
118
5.5. SEDIMENT QUALITY GUIDELINES FOR METALS 
The U.S. Environmental Protection Agency (1997) estimates that approximately 
1.2 billion cubic yards of contaminated sediment underlie surface waters in the United 
States. A major concern of trace element accumulations in lacustrine sediments is their 
contribution to habitat degradation and potential ecological and human health impacts.  A 
number of numerical sediment quality guidelines have been established to assess the 
potentially toxic effects of trace elements on freshwater biota.  A consensus based 
approach has been developed by MacDonald and others (2000) to derive two categories 
for each of 28 chemical substances.  The two categories are the threshold effect 
concentration (TEC); below which adverse effects are not expected to occur and a 
probable effect concentration (PEC); above which adverse effects are expected to occur 
more often than not. Figures 5.33 and 5.34 are composites of the lead and zinc values 
compared to the TEC for the sample sites at Webb Creek, Logan Creek, and Clearwater 
Dam. The TEC for lead is exceeded at all the sites, except Webb Creek which does not 
receive sediments from mining. The TEC for zinc is only exceeded at the Clearwater 
Dam Site. Table 5.4 lists the values for the metals of concern in this study.   
 
 
Table 5.4. Sediment Quality Guidelines for Selected Metals (µg/g) 
TEC – adverse effects to biota not expected 
PEC – adverse effects  to biota expected 










Figure 5.33. Total lead concentrations compared to threshold effects values. TEC is 
exceeded where mining occurs.  
Webb Creek














































































Figure 5.34. Total zinc concentrations compared to threshold effects values. TEC only 
exceeded at Clearwater Dam site. 
Webb Creek



























































































Table 5.5 summarizes the TEC/PEC results for each sample site.  There are only 
two instances where the PEC was exceeded.  The PEC for nickel was exceeded at both 
the marina and Clearwater Dam sample sites.  These two sites consistently have the 
highest concentrations for all trace elements.  It should be noted that there were no cases 
at the Webb Creek site where either the TEC or PEC were exceeded.  Further analysis 
shows that the TEC was exceeded for nickel and lead at all sites that receive sediments 
from areas impacted by mining operations.  The TEC was also exceeded for arsenic, 




Table 5.5. Summary of  Sample Site Exceeds/Not Exceeds Sediment Quality Guidelines 
for TEC/PEC  
Site As Cd Cu Ni Pb Zn 
  TEC PEC TEC PEC TEC PEC TEC PEC TEC  PEC TEC PEC
Webb 
Creek No No No No No No No No No No No No 
                          
Logan 
Creek No No No No No No Yes No Yes No No No 
                          
Upper 
Black No No No No No No Yes No Yes No No No 
                          
Lower 
Black Yes No No No Yes No Yes No Yes No Yes No 
                          
Marina Yes No No No Yes No Yes Yes Yes No Yes No 
                          
CW 







5.6. LEAD ISOTOPIC RATIOS 
Lead isotopic ratios have been used extensively in studies of sources and 
pathways for lead in the environment (Rabinowitz and Wetherill, 1972; Chow and others, 
1975; Shirahata and others, 1980; Erel and others, 1997; Kober and others, 1999; 
Bollhofer and Rosman, 2001). Isotopic “fingerprints” can be determined for ore leads 
based on their composition which is primarily a result of the U/Pb and Th/Pb ratios of the 
source material and age of the ore deposit (Rabinowitz and Wetherill, 1972). 
Sediment deposition is one of many naturally occurring processes by which earth 
materials having different chemical and/or isotopic compositions are mixed.  By 
collecting information on the composition or isotopic character of sediments, it may be 
possible to distinguish specific sources contributing to the sediment accumulation.  
Figure 5.35 is a plot of the 206Pb/204Pb versus 1/Pb in parts per million of the 
leachable lead in the samples. A linear relationship in such a plot would indicate mixing 
of two end member sources, sediment lead and galena from mining. Pre mining samples 
have a lower 206Pb/204Pb ratio due to the lower percentage of galena in the sediment. In 
the post mining samples, the 206Pb/204Pb ratio increases due to a larger contribution of ore 
galena to the sediment. Horizontal variation in the post mining samples is due to dilution 
by minerals which contain little lead. The contaminant 206Pb/204Pb isotopic values of the 
post mining sediments are consistent with those of Mississippi Valley type leads (D. 
Unruh, written commun., 2004).  Generally, mineral deposits within a mining district 
tend to have relatively uniform lead isotopic composition but may vary among districts 
(Church and others, 1994). Differences in the isotopic compositions can be useful in 























Figure 5.35. Plot of 206Pb/204Pb versus 1/Pb (ppm) of sediment leachable lead. The linear 
relationship indicates two component mixing. Y error bars have been omitted but 
approximate the symbol size (see Table 4.4). 
 
 
Figure 5.36 shows a plot of 207Pb/204Pb and 208Pb/204Pb versus 206Pb/204Pb for 
Clearwater Lake sediment samples. The samples have been categorized as being either 
from the bottom (older) or top (younger) of the core sample. In each case, with the 
exception of the Upper Black River core, the values for all three isotopic ratios are lower 
at the bottom of the core than they are at the top. This pattern is an indication that the 
isotopic composition of the sediment is changing over time and is being influenced by 































































Figure 5.36 a). 208Pb/204Pb and b) 207Pb/204Pb versus 206Pb/204Pb for Clearwater Lake 





Figure 5.37 is a plot of 207Pb/204Pb versus 206Pb/204Pb for Clearwater Lake samples 
compared against various potential sources of sediment lead.  Contributing sources would 
be sediment derived from bedrock and soils, waste rock from mining, and deposition of 
atmospheric contaminants. Included on this plot is an average value for gasoline 
computed from four samples during a 1972 study by Rabinowitz and Weatherill. Lead 
derived from Missouri ores were used as gasoline additives prior to 1984 along with ores 
from Mexico, Peru, and Australia (Sturges and Barrie, 1987). The averaged gasoline 
isotopic values for both 207Pb/204Pb and 206Pb/204Pb is considerably lower than the 
sediment samples indicating that lead from gasoline aerosols is probably not a significant 
contributor to sediment lead. Galena samples from the Precambrian basement also have a 
distinctly different isotopic composition from the Clearwater Lake samples. While they 
appear to fall along a similar slope, they have distinctly lower 207/204 and 206/204 
ratios.  A trend line has been fit to the average value of Viburnum Trend ores and average 
value for the unmineralized Bonneterre samples as possible end members for the isotopic 
mixing.    
The Clearwater Lake samples form a linear trend between the unmineralized 
Bonneterre and the ore leads.  This relationship is characteristic of a mixture with well 
defined end members.  Any points falling along the linear trend would be defined by 
mixtures resulting from variable compositions of the two end members (Faure, 1986).  
Sediment samples from the present study have been classified as to those representing 
areas where mining has not occurred (Webb Creek), samples representing a period pre-
dating mining in basins with present day active mines, those representing an early mining 
time period and samples from late in the mining history.  There is a clear progression of 
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increasing values of both 207Pb/204Pb and 206Pb/204Pb from the no/pre-mining samples to 
the late mining samples.  This relationship would indicate in areas that pre-date mining or 
where mining has not occurred, the isotopic signature of the sediment would be 
influenced by materials derived from largely unmineralized weathered bedrock (e.g. the 
unmineralized Bonneterre).  The late mining samples on the other hand would indicate 
sediments that contain a substantially larger proportion of materials derived from ore 
lead, most likely the tailings material produced by extraction and processing of the ore. 
There also appears to be a linear trend among the various carbonate rocks that are present 
within the basin. Bonneterre and post-Bonneterre carbonates have similar isotopic 


















































Figure 5.37. 207Pb/204Pb versus 206Pb/204Pb for Clearwater Lake samples. Trend line is fit 
to the average value for the unminerlized Bonneterre and Viburnum Trend ores. The 
post-Bonneterre consists of the Davis Formation, Derby-Doerun Formation, Potosi 
Dolomite, and Eminence Dolomite. Sulfide trace lead is sulfide grains and acid insoluble 
residues from carbonate rocks. Data with the exception of the Clearwater Lake samples is 




Figure 5.38 is a plot of 208Pb/204Pb versus 206Pb/204Pb for Clearwater Lake samples 
and other potential sources of sediment lead. The trend line is the same as in the previous 
plot, determined by using the average Viburnum ores and average unmineralized 
Bonneterre samples. A similar linear relationship is seen between the unminerlized 
Bonneterre and Viburnum Trend ores. Sulfide trace lead samples are from sulfide grains 
and insoluble residues (predominantly fine-grained FeS2) from carbonate rocks sampled 
outside the ore bodies. Sulfide trace lead from both the post-Bonneterre and Bonneterre 
Formation are known to have higher values of 208Pb/204Pb for a given 206Pb/204Pb 
composition than main-stage ore lead (Goldhaber and others, 1995). This is evident in the 
plot with many of the sulfide trace lead samples falling above the trend line. The higher 
ratios of the sulfide trace lead however do not appear to have influenced the Clearwater 















































Figure 5.38. 208Pb/204Pb versus 206Pb/204Pb for Clearwater Lake samples. Trend line is fit 
to the average value for the unminerlized Bonneterre and Viburnum Trend ores. Sulfide 
trace leads have elevated 208Pb/204Pb versus 206Pb/204Pb for both post-Bonneterre and 
Bonneterre Formation samples. See Figure 5.37 for description of terms. 
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Branvall and others (1999) have suggested that the 206Pb/207Pb ratio can be used in 
lake sediment studies to indicate a change in sources from a contributing watershed. 
Figure 5.39 is a plot of the 206Pb/207Pb ratio for samples from the dated cores collected at 
the Lower Black River and Clearwater Dam sample sites. The red lines indicate the 
206Pb/207Pb average values for the unmineralized Bonneterre (1.26) and the Viburnum 
Trend ores (1.34). Southeast Missouri ores like the Viburnum characteristically have 
elevated (>1.30) 206Pb/207Pb ratios (Vermillion and others, 2005). The samples represent a 
range of time in reservoir sediment deposition from pre-mining (1953) through post-
mining (1997). There is a clear positive trend with an increase in the 206Pb/207Pb ratio 
over time. A substantial increase in the ratio occurs between the early mining (1965) 
point and the point representing well developed mining operations (1977) at which time 
all mines in the Black River basin were operating with the exception of the West Fork. 
An increase in the input of sediment lead derived from mine wastes with an elevated 
206Pb/207Pb ratio could cause the increase in the ratio over time preserved in the sediment 





































Figure 5.39. 206Pb/207Pb ratio for Clearwater Lake samples. Increasing values represent 
sediment input over time with higher 206Pb/207Pb ratios. Red lines are average values for 
unmineralized Bonneterre (1.26) and Viburnum Trend ores (1.34). 
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Lead isotopes can be used to calculate the percentages of relative contributions of 
sources to the total sediment lead load (Church and others, 1994).  The calculation is 
performed using the lever rule as follows: 
 
Pbps = {[RUMR – Rsed] / [RUMR – Rps]} * 100                                                   (5)                         
 
Where:  Pbps is the percent of lead load attributed to a specific point source 
of lead contamination 
 
 RUMR is the lead isotope ratio of the unmineralized rock 
 
 Rsed is the lead isotope ratio of the sediment sample at a particular 
time 
 
 Rps is the lead isotope ratio of the point source of lead 
contamination 
 
Calculations were made for the intervals previously discussed where age and 
isotopic ratio data were determined. These intervals represent a progression from pre-
mining to early mining and finally approximately 30 years of mining in the Black River 
basin. An assumption is made that the sediment is derived from a two component mixture 
with the end members being unmineralized Bonneterre host rock and galena derived from 
the tailings of host ore bodies and/or naturally exposed ores. Values used to calculate the 
source contributions were as follows: 
 
RUMR – average 206Pb/204Pb ratio for the unmineralized Bonneterre (19.73)  
Rsed – 206Pb/204Pb ratio computed from sediment isotope data  
Rps – average 206Pb/204Pb ratio for ore lead samples from Viburnum Trend (21.43) 
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Table 5.6 is a summary of the calculations for each of the dated sediment samples. 
There is a positive trend in the proportion of ore lead contribution to Clearwater Lake 
sediments. Values range from a pre-mining low of 23 percent to a high of 56 percent in 
recent (1997) sediments. This trend is consistent with the positive trend in total lead 
concentration in sediments with decreasing age (Figs. 5.23 and 5.27). The largest 
percentage change occurs in the interval between 1965 and 1977, during which time five 
of the six mines in the Black River Basin and the Buick smelter became operational. 
 
 
Table 5.6. Summary of  Calculations for the Percent of Ore Lead Contribution to 
Clearwater Lake Bottom Sediments 
Date Sample Rsed 206Pb/204Pb % ore lead 
1997 LBRA10 20.69 56 
1987 CWD10 20.59 51 
1977 LBRA40 20.53 47 
1965 CWD26 20.19 27 






1) Concentrations of lead, zinc and other mining related metals in Clearwater Lake 
sediments have increased from the time of impoundment to present. The largest increase 
for lead (67 µg/g) occurred at the Clearwater Dam site while the largest increase for zinc 
(117 µg/g) was recorded at the Marina site. 
 
2) All of the metal concentrations remain well below the probable effects concentration 
derived from consensus-based sediment quality guidelines (MacDonald and others, 2000) 
with the exception of nickel. Nickel exceeds the probable effects concentration at both 
the Marina and Clearwater Dam site. 
 
3) Metal concentrations in the Webb Creek sub basin, where mining has not occurred, 
remain constant over time and lower than the concentrations of sub basins where mining 
has occurred. Anthropogenic lead accounts for a major portion of the total lead 
concentration. Calculations of anthropogenic lead based on the conservative element 
scandium show the lithogenic/anthropogenic portion for the minimum (14 µg/g) and 
maximum (28 µg/g) concentrations of sediment lead at the Webb Creek site to be 3 / 11 
µg/g and 6 / 22 µg/g respectively. By contrast the values for the Clearwater Dam sample 





4) A nearly 40 percent increase in sediment lead concentration is associated with the 
onset of mining in dated sediment cores. Sediment lead increases at the Clearwater Dam 
sample site from 48.6 µg/g (~1965) to 77.9 µg/g (~1968).  
  
5) There is an upward trend in the 206Pb/207Pb ratio from 1.28 (~1953) to 1.31 (~1997). 
This trend suggests an increase in the ore lead component in lake sediments over time.  
 
6) Lead isotopic ratios can be used to determine and quantify changing source 
contributions to Clearwater Lake sediments. Mixing calculations using unminerlaized 
Bonneterre Formation and Viburnum Trend ores as end members indicate that the 
proportion of ore lead contained in the sediments has increased from 23 percent in pre-
mining times (~1953) to 56 percent in post mining times (~1997). 
 
7) Insufficient data was collected to assess the relationship between sediment grain size, 
composition, and mineralogy in pre and post mining sediments. Only the Clearwater Dam 
core clearly penetrated the pre-impoundment surface. A lack of dating information 
prevented identification of pre versus post mining sediments in cores collected at Webb 
Creek, Logan Creek, Upper Black River, and the Marina sites. While silt was the 
predominant grain size in the sediment cores, a strong correlation of lead concentration 
with clay size material was found. Grain size and mineralogy were restricted to selected 
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Marine Sediment, MAG-1 
MAG-1 is a fine grained gray-brown clayey mud with low carbonate 
content, from the Wilkinson Basin of the Gulf of Maine. The collection 
site was approximately 125 km east of Boston, Massachusetts. The 
age of the sediment is Holocene, but probably includes reworked 
Pleistocene sediment from surrounding areas. 
Element concentrations were determined by cooperating laboratories 
using a variety of analytical methods. Certificate values are based 
primarily on international data compilations (Abbey, 1983, Gladney 
and Roelandts, 1988, Govindaraju, 1994). USGS reports (Flanagan, 
1967, 1976) provide background information on this material. 
 
Recommended Values 
Element Wt % ± Oxide Wt % ± 
Al2O3 16.4 0.30 MnO 0.098 0.009 
CaO 1.37 0.10 Na2O 3.83 0.11 
Fe2O3 T 6.80 0.60 P2O5 0.16 0.021 
K2O 3.55 0.17 SiO2 50.4 0.96 
MgO 3.00 0.10 
 
TiO2 0.75 0.07 
 
Element µg/g ± Element µg/g ± Element µg/g ± 
B 140 6 F 770 80 Sb 0.96 0.1 
Ba 480 41 Ga 20 1.5 Sc 17 1 
Be 3.2 0.4 Gd 5.8 0.7 Sm 7.5 0.6 
Cd 0.20 0.03 Hf 3.7 0.5 Sr 150 15 
Ce 88 9 Ho 1.0 0.1 Tb 0.96 0.09 
Cl 31000 600 La 43 4 Th 12 1 
Co 20 1.6 Li 79 4 U 2.7 0.3 
r 97 8 Lu 0.4 0.04 V 140 6 
Cs 8.6 0.7 Nd 38 5 Y 28 3 
Cu 30 3 Ni 53 8 Yb 2.6 0.3 
Dy 5.2 0.3 Pb 24 3 Zn 130 6 
Eu 1.6 0.14 
 
Rb 150 6 
 




Oxide Wt % Other Wt % 
Fe2O3  3.49 H2O+ 5.6 
FeO 3.06 H2O- 2.39 





Element µg/g Element µg/g Element µg/g 
Ag 0.08 Er 3 Sn 3.6 
As 9.2 Hg 0.02 Ta 1.1 
Au 0.0024 I 380 Tm 0.43 









revised March 1995 
David B. Smith 




Abbey, S., 1983, Studies in "Standard Samples" of Silicate Rocks and 
Minerals 1969-1982, Canadian Geological Survey Paper 83-15, p-114. 
Flanagan, F.J., 1967, U.S. Geological Survey silicate rock standards, 
Geochimica et Cosmoshimica Acta, 31: 289-308. 
Flanagan, F.J., 1976, Descriptions and Analyses of Eight New USGS 
Rock Standards, U.S. Geological Survey Professional Paper 840, p 192. 
Gladney, E.S., and Roelandts, I., 1987 Compilation of Elemental 
Concentration Data for USGS BHVO-1, MAG-1, QLO-1, RGM-1, SCo-1, 
SDC-1, SGR-1, and STM-1, Geostandards Newsletter, 12:253-362. 
Govindaraju, K., 1994, 1994 Compilation of Working Values and 







Fe2O3T Total iron expressed as Fe2O3 
Ctot Total carbon concentration 
Stot Total sulfur concentration 
Wt % Percent of total element concentration 
µg/g 
Total element concentration expressed as 
micrograms of element per gram of solid sample 
± One standard deviation 
 
Notes 
Unless otherwise indicated total element concentrations are reported 






MAG 1 Standard Reference Material (SRM)
  Li ppm   Be ppm   Na ppm   Mg ppm   Al ppm    P ppm    K ppm   Ca ppm   Sc ppm   Ti ppm
JOB # SRM
4549-50-53-55-59 MAG-1 77.8 3.3 29200 18900 86200 750 30300 9920 18.0 4100
4549-50-53-55-59 MAG-1 78.2 3.2 28900 18900 86400 750 30500 9870 18.1 4000
4551 MAG-1 77.7 3.0 28600 18500 86200 730 30100 10200 18.4 4300
4551 MAG-1 78.6 3.2 29500 18700 87800 750 30500 10200 18.6 4300
4558 MAG-1 77.5 3.3 28600 18800 95200 760 30500 10800 19.7 5300
4558 MAG-1 74.5 3.3 28300 18400 88100 750 29900 10000 18.6 4100
4552-54 MAG-1 76.1 3.3 29500 19500 87500 760 31800 10200 18.9 4200
4552-54 MAG-1 75.9 3.0 29000 19500 84900 740 30200 9780 18.9 4200
4556-57 MAG-1 78.8 3.1 30100 19500 91200 800 32000 10500 19.3 4500
4556-57 MAG-1 73.0 3.1 27600 18000 82500 720 29000 9590 17.4 4200
mean Krizanich jobs 76.81 3.18 28930 18870 87600 751 30480 10106 18.59 4320
standard deviation 1.90 0.12 706 510 3491 21 872 356 0.66 371
RSD 2.48% 3.87% 2.44% 2.70% 3.99% 2.84% 2.86% 3.52% 3.57% 8.58%
MAG-1 true (Potts) 79.0 3.20 28400 18090 86660 711 29500 9790 17.2 4500
mean Krizanich jobs 76.81 3.18 28930 18870 87600 751 30480 10106 18.59 4320
Average % Recovery 97.23% 99.38% 101.87% 104.31% 101.08% 105.63% 103.32% 103.23% 108.08% 96.00%  
 
 
MAG 1 Standard Reference Material (SRM)
   V ppm   Cr ppm   Mn ppm   Fe ppm   Co ppm   Ni ppm   Cu ppm   Zn ppm   Ga ppm   As ppm
JOB # SRM
4549-50-53-55-59 MAG-1 145 104 758 49000 22.1 50.2 29.6 138 22 9.1
4549-50-53-55-59 MAG-1 144 104 754 49000 22.0 49.7 29.6 138 22 8.3
4551 MAG-1 144 103 747 48000 22.0 52.2 30.2 137 22 8.7
4551 MAG-1 146 106 754 49000 22.0 52.6 30.7 137 22 10
4558 MAG-1 149 108 761 50000 22.4 49.8 30.0 138 22 9.3
4558 MAG-1 143 102 738 48000 21.5 48.4 29.0 134 22 10
4552-54 MAG-1 148 107 763 50000 22.5 50.1 30.8 138 23 10
4552-54 MAG-1 145 106 731 48000 22.0 48.8 29.7 132 22 10
4556-57 MAG-1 154 108 784 51000 23.1 51.7 31.5 139 22 10
4556-57 MAG-1 140 99.1 716 46000 20.9 47.4 28.7 128 21 9.3
mean Krizanich jobs 146 105 751 48800 22.05 50.09 29.98 135.90 22 9.47
standard deviation 4 3 19 1398 0.58 1.68 0.85 3.51 0.47 0.63
RSD 2.62% 2.72% 2.52% 2.87% 2.65% 3.35% 2.84% 2.58% 2.14% 6.64%
MAG-1 true (Potts) 140 97 760 47600 20.4 53.0 30.0 130 20.4 9.2
mean Krizanich jobs 146 105 751 48800 22.05 50.09 29.98 136 22.00 9.47









MAG 1 Standard Reference Material (SRM)
  Rb ppm   Sr ppm    Y ppm   Nb ppm  Mo ppm  Ag ppm   Cd ppm   Sb ppm   Cs ppm   Ba ppm
JOB # SRM
4549-50-53-55-59 MAG-1 148 144 26.8 21 1.4 < 0.02 0.21 0.93 8.3 502
4549-50-53-55-59 MAG-1 148 146 27.2 22 1.3 < 0.02 0.20 0.93 8.2 504
4551 MAG-1 143 142 28.6 19 1.4 0.33 0.28 0.96 8.2 502
4551 MAG-1 145 142 29.0 20 1.6 0.56 0.27 0.84 8.4 506
4558 MAG-1 150 149 28.8 30 1.4 0.71 0.23 1.2 8.7 499
4558 MAG-1 144 142 27.3 23 1.5 0.75 0.22 1.0 8.2 487
4552-54 MAG-1 149 145 29.3 14 1.2 1.2 0.24 0.95 8.1 495
4552-54 MAG-1 144 137 28.6 14 1.1 0.99 0.22 0.90 8.0 491
4556-57 MAG-1 152 148 28.4 26 1.5 0.39 0.23 1.0 8.5 511
4556-57 MAG-1 139 131 29.5 23 1.4 0.67 0.21 0.92 7.8 466
mean Krizanich jobs 146.20 142.60 28.35 21.20 1.38 0.70 0.23 0.96 8.24 496.30
standard deviation 3.88 5.34 0.93 4.92 0.15 0.29 0.03 0.10 0.25 12.81
RSD 2.65% 3.74% 3.28% 23.19% 10.69% 41.48% 11.26% 9.92% 3.09% 2.58%
MAG-1 true (Potts) 149 146 28.0 12.0 1.60 0.08 0.20 0.96 8.60 479
mean Krizanich jobs 146 143 28.35 21.20 1.38 0.70 0.23 0.96 8.24 496
Average % Recovery 98.12% 97.67% 101.25% 176.67% 86.25% 875.00% 114.36% 100.31% 95.81% 103.61%  
 
 
MAG 1 Standard Reference Material (SRM)
  La ppm   Ce ppm Tl ppm   Pb ppm   Bi ppm   Th ppm    U ppm
JOB # SRM
4549-50-53-55-59 MAG-1 43.4 84.3 0.76 24.8 0.35 12.5 2.8
4549-50-53-55-59 MAG-1 43.1 83.8 0.78 24.8 0.31 12.7 2.8
4551 MAG-1 39.8 87.3 0.69 25.7 0.31 11.9 2.5
4551 MAG-1 42.1 91.0 0.71 25.8 0.32 11.9 2.6
4558 MAG-1 48.8 94.2 0.77 25.6 0.32 13.8 3.0
4558 MAG-1 42.5 83.9 0.76 24.8 0.33 12.6 2.8
4552-54 MAG-1 39.4 89.4 0.68 23.9 0.35 11.2 2.5
4552-54 MAG-1 40.2 88.5 0.68 24.1 0.33 11.4 2.5
4556-57 MAG-1 43.2 83.1 0.75 24.6 0.36 12.5 2.7
4556-57 MAG-1 39.7 74.6 0.68 22.7 0.34 11.4 2.5
mean Krizanich jobs 42.22 86.01 0.73 24.68 0.33 12.19 2.67
standard deviation 2.80 5.40 0.04 0.95 0.02 0.79 0.18
RSD 6.64% 6.28% 5.74% 3.83% 5.27% 6.48% 6.62%
MAG-1 true (Potts) 43.0 88.0 0.59 24.0 0.34 11.9 2.70
mean Krizanich jobs 42.22 86.01 0.73 24.68 0.33 12.19 2.67







Job Lab No Field No Li ppm   Be ppm  Na ppm   Mg ppm   Al ppm    P ppm    K ppm Ca ppm   Sc ppm   Ti ppm
4549 C-220508 WC1 22.0 1.6 2770 2250 38800 420 11300 2060 6.3 3000
4549 C-220508 WC1 21.3 1.5 2560 2060 38000 400 11000 2100 6.5 3400
4549 C-220532 WC25 18.7 1.4 2640 1800 33900 370 10400 2100 5.5 3000
4549 C-220532 WC25 18.2 1.3 2540 1760 33300 360 10200 2080 5.6 3200
4554 C-220680 WC51 18.3 1.2 2620 1870 35400 360 10500 1860 6.0 4100
4554 C-220680 WC51 19.2 1.4 2690 1900 36500 370 10700 1860 5.8 4100
4557 C-220756 LC1 22.8 1.5 2450 2280 42700 450 10500 2100 7.2 3100
4557 C-220756 LC1 23.6 1.6 2480 2270 43200 450 10600 2060 7.2 3500
4552 C-220619 UBR1 23.7 2.1 2810 3300 44900 530 13000 3560 8.0 4100
4552 C-220619 UBR1 22.9 2.1 2800 3290 46500 550 12500 3480 7.8 4000
4553 C-220669 UBR51 21.3 1.6 3050 3110 41900 440 12800 3570 7.2 3200
4553 C-220669 UBR51 21.2 1.8 3320 3170 41500 490 12700 3620 7.3 3200
4556 C-220706 LBRA1 32.2 2.9 2280 4380 61400 780 14000 3920 11.2 3700
4556 C-220706 LBRA1 32.8 2.7 2140 4010 58900 720 13300 3760 10.8 3500
4555 C-220702 LBRA51 29.2 2.4 2690 3680 56900 550 14400 2970 10.4 3900
4555 C-220702 LBRA51 28.7 2.3 2640 3640 55400 530 14000 2860 10.2 3600
4551 C-220579 M11 36.6 2.8 1410 4510 66300 800 11900 3420 12.1 4200
4551 C-220579 M11 36.0 2.7 1420 4440 64500 800 11900 3400 11.8 4100
4551 C-220599 M31 37.8 2.8 1380 4260 65200 690 11900 2900 12.0 4100
4551(solution dupe) C-220599 M31 37.0 2.7 1360 4210 66300 700 12100 2930 12.2 4200
4550 C-220558 M51 36.4 2.8 1420 4170 66900 710 12300 2920 12.1 3500
4550 C-220558 M51 36.5 2.8 1400 4120 67000 710 12100 2950 12.0 3600
4558 C-220784 CWD1 45.4 3.1 1220 5220 77100 920 13200 2950 14.4 4000
4558 C-220784 CWD1 44.2 3.2 1220 5060 77400 920 12900 2890 14.0 4000
4559 C-220834 CWD51 33.8 2.4 2060 3570 60700 690 13300 3030 11.3 4100




Job Lab No Field No    V ppm   Cr ppm   Mn ppm   Fe ppm   Co ppm   Ni ppm   Cu ppm   Zn ppm   Ga ppm   As ppm
4549 C-220508 WC1 55.6 38.9 1080 19000 18.2 19.4 19.2 55.0 8.4 4.7
4549 C-220508 WC1 57.0 36.8 1070 19000 18.0 18.9 20.6 54.3 8.4 5.9
4549 C-220532 WC25 48.9 37.1 1120 16000 16.6 17.3 16.4 44.8 7.5 3.6
4549 C-220532 WC25 49.5 37.1 1110 16000 16.5 17.1 16.6 44.0 7.3 5.0
4554 C-220680 WC51 50.0 32.8 680 15000 15.5 16.7 17.6 48.2 7.3 5.3
4554 C-220680 WC51 50.2 34.0 689 15000 15.6 16.4 17.5 47.8 7.6 5.2
4557 C-220756 LC1 57.1 49.6 1120 19000 18.0 23.9 23.2 55.0 9.2 6.8
4557 C-220756 LC1 58.2 51.0 1140 19000 18.2 23.9 23.5 55.9 9.0 6.6
4552 C-220619 UBR1 63.5 43.4 832 22000 23.5 29.0 31.3 91.4 9.7 8.6
4552 C-220619 UBR1 59.6 44.9 841 21000 23.3 27.9 31.0 88.9 9.6 8.2
4553 C-220669 UBR51 54.9 41.2 590 18000 17.8 22.2 26.6 76.9 9.0 7.7
4553 C-220669 UBR51 54.5 39.1 603 18000 18.1 21.8 26.3 77.1 9.0 7.0
4556 C-220706 LBRA1 86.7 55.8 2250 33000 32.5 38.7 39.9 129 14 13
4556 C-220706 LBRA1 84.1 53.1 2250 33000 31.4 36.8 36.9 124 13 12
4555 C-220702 LBRA51 79.0 50.2 1030 27000 26.4 31.7 35.4 105 13 9.4
4555 C-220702 LBRA51 75.6 48.6 990 26000 25.9 30.4 32.7 101 12 9.1
4551 C-220579 M11 97.5 60.0 1550 34000 31.3 43.9 37.9 145 15 13
4551 C-220579 M11 94.9 57.3 1510 33000 30.4 42.5 37.4 142 15 13
4551 C-220599 M31 97.0 53.5 1370 33000 30.2 41.1 37.7 131 16 13
4551(solution dupe) C-220599 M31 98.7 54.4 1380 33000 30.5 41.4 38.5 133 16 13
4550 C-220558 M51 98.9 61.1 1590 33000 29.8 39.8 40.3 128 16 13
4550 C-220558 M51 99.2 60.1 1590 33000 30.3 39.1 39.9 129 16 13
4558 C-220784 CWD1 115 69.3 1260 39000 39.0 51.0 43.3 154 17 13
4558 C-220784 CWD1 113 68.7 1240 38000 37.8 50.4 43.4 151 17 14
4559 C-220834 CWD51 91.1 50.0 5280 28000 31.7 33.3 31.4 93.2 14 11




Job Lab No Field No   Rb ppm   Sr ppm    Y ppm   Nb ppm   Mo ppm   Ag ppm   Cd ppm   Sb ppm   Cs ppm   Ba ppm
4549 C-220508 WC1 53.7 49.0 29.1 8.8 1.1 < 0.02 0.24 0.54 2.6 421
4549 C-220508 WC1 52.6 48.4 28.2 10 1.3 0.54 0.24 0.57 2.5 410
4549 C-220532 WC25 47.9 47.4 30.0 5.7 1.1 < 0.02 0.22 0.48 2.1 395
4549 C-220532 WC25 46.1 45.8 29.0 6.4 1.2 0.37 0.21 0.48 2.1 383
4554 C-220680 WC51 50.1 44.1 29.3 9.9 0.87 0.68 0.23 0.54 2.4 409
4554 C-220680 WC51 49.3 43.6 28.8 6.5 0.74 0.38 0.22 0.51 2.4 408
4557 C-220756 LC1 52.2 41.4 29.9 16 1.6 0.45 0.24 0.64 2.8 382
4557 C-220756 LC1 52.2 41.5 30.2 16 1.4 0.38 0.22 0.73 2.8 383
4552 C-220619 UBR1 56.7 49.2 37.4 8.1 0.94 0.65 0.49 0.67 2.9 369
4552 C-220619 UBR1 56.5 48.4 37.2 8.8 0.90 0.58 0.49 0.65 3.1 389
4553 C-220669 UBR51 53.8 53.6 34.4 13 1.2 0.88 0.48 0.67 2.6 374
4553 C-220669 UBR51 54.5 54.5 36.0 12 1.2 0.73 0.49 0.68 2.6 375
4556 C-220706 LBRA1 72.4 50.5 43.4 18 1.4 0.12 0.62 0.82 4.4 428
4556 C-220706 LBRA1 71.6 48.5 41.8 19 1.5 0.51 0.62 0.85 4.4 427
4555 C-220702 LBRA51 73.1 57.7 46.6 18 1.4 1.1 0.55 0.85 4.0 437
4555 C-220702 LBRA51 70.5 55.2 45.1 16 1.3 0.99 0.53 0.78 3.9 415
4551 C-220579 M11 78.2 46.0 52.4 17 1.9 0.50 0.62 0.54 5.2 410
4551 C-220579 M11 76.7 43.9 50.6 16 1.9 0.44 0.64 0.88 4.8 403
4551 C-220599 M31 80.1 46.1 52.4 18 1.9 0.48 0.60 0.93 5.2 419
4551(solution dupe) C-220599 M31 80.4 46.0 51.8 18 1.9 0.48 0.61 0.93 5.0 415
4550 C-220558 M51 78.0 45.1 44.0 20 1.9 1.0 0.62 0.92 5.0 407
4550 C-220558 M51 78.4 45.5 44.5 18 1.9 0.87 0.62 0.92 5.0 407
4558 C-220784 CWD1 89.0 45.5 45.3 23 3.0 0.37 0.60 1.0 6.0 433
4558 C-220784 CWD1 87.1 43.4 51.1 22 3.0 0.58 0.59 1.1 6.0 424
4559 C-220834 CWD51 78.5 51.9 45.6 20 1.8 1.0 0.35 0.90 4.6 511
4559 C-220834 CWD51 78.0 50.9 44.9 17 1.8 1.0 0.36 0.87 4.6 506  
 
Sample Duplicates
Job Lab No Field No   La ppm   Ce ppm   Tl ppm   Pb ppm   Bi ppm   Th ppm    U ppm
4549 C-220508 WC1 36.9 77.3 0.52 27.4 0.16 9.6 2.7
4549 C-220508 WC1 33.3 70.1 0.52 27.1 0.11 9.0 2.7
4549 C-220532 WC25 34.8 72.5 0.5 22.2 0.12 9.0 2.7
4549 C-220532 WC25 35.2 74.3 0.50 22.4 < 0.1 9.0 2.6
4554 C-220680 WC51 35.5 83.2 0.50 27.2 0.16 9.0 2.6
4554 C-220680 WC51 35.8 84.4 0.50 27.0 0.15 9.6 2.6
4557 C-220756 LC1 35.6 72.0 0.50 30.9 0.18 9.2 2.6
4557 C-220756 LC1 36.6 72.6 0.50 30.9 0.18 9.4 2.7
4552 C-220619 UBR1 40.2 95.3 0.53 51.7 0.21 10.1 2.8
4552 C-220619 UBR1 38.9 89.7 0.54 51.1 0.19 9.9 2.6
4553 C-220669 UBR51 35.9 73.9 0.50 43.6 0.18 9.1 2.4
4553 C-220669 UBR51 34.3 70.7 0.50 43.1 0.16 9.0 2.6
4556 C-220706 LBRA1 46.3 93.3 0.70 69.7 0.25 11.5 2.7
4556 C-220706 LBRA1 44.1 92.7 0.71 69.7 0.28 11.2 2.8
4555 C-220702 LBRA51 45.0 91.2 0.68 47.2 0.24 11.2 2.8
4555 C-220702 LBRA51 44.9 91.5 0.70 46.3 0.24 11.0 2.7
4551 C-220579 M11 45.2 103 0.82 75.2 0.30 12.6 3.1
4551 C-220579 M11 44.9 103 0.79 72.4 0.29 11.9 2.9
4551 C-220599 M31 42.2 97.3 0.81 84.8 0.29 12.1 3.0
4551(solution dupe) C-220599 M31 42.3 98.0 0.80 83.6 0.29 11.8 3.1
4550 C-220558 M51 42.4 85.1 0.78 73.4 0.26 11.6 2.8
4550 C-220558 M51 40.7 82.8 0.79 75.2 0.27 11.2 2.8
4558 C-220784 CWD1 47.6 99.4 0.91 89.8 0.31 13.1 3.3
4558 C-220784 CWD1 46.7 98.2 0.90 86.6 0.32 12.7 3.3
4559 C-220834 CWD51 42.7 89.3 0.78 33.6 0.25 11.3 3.0
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Key for Table Values 
 
 
Field No is the sample site with codes as follows: 
 
 
LC = Logan Creek 
 
WC = Webb Creek 
 
UBR = Upper Black River 
 
LBRA = Lower Black River 
 
M = Marina 
 
CWD = Clearwater Dam 
 
 
Samples are numbered from top of core down in centimeter invervals (e.g. LC1 is the 
topmost centimeter of the Logan Creek core sample, LC28 is the bottom of the core at a 
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ICPMS_ACID ICPMS_ACID ICPMS_ACID ICPMS_ACID ICPMS_ACID ICPMS_ACID ICPMS_ACID ICPMS_ACID
Lab No. Field No. Ag Al As Ba Be Bi Ca Cd
ppm ppm ppm ppm ppm ppm ppm ppm
C-220508 WC1 <0.02 38800 4.7 421 1.6 0.16 2060 0.24
C-220509 WC2 <0.02 38100 3.9 406 1.5 0.15 2010 0.24
C-220510 WC3 <0.02 36000 3.7 408 1.4 0.14 1840 0.2
C-220511 WC4 <0.02 36200 4.3 405 1.5 0.14 1740 0.22
C-220512 WC5 <0.02 37200 4.5 409 1.4 0.14 1810 0.22
C-220513 WC6 <0.02 36000 3.8 397 1.5 0.15 1910 0.24
C-220514 WC7 <0.02 36700 3.7 402 1.6 0.14 1920 0.23
C-220515 WC8 <0.02 36500 3.8 393 1.4 0.15 2000 0.23
C-220516 WC9 <0.02 36400 4.6 403 1.4 0.14 2070 0.23
C-220517 WC10 <0.02 36700 5.1 401 1.6 0.15 2260 0.25
C-220518 WC11 <0.02 38800 5.5 430 1.6 0.16 2250 0.24
C-220519 WC12 <0.02 37400 4.7 418 1.5 0.15 2140 0.22
C-220520 WC13 <0.02 37100 4.4 410 1.5 0.14 2050 0.21
C-220521 WC14 <0.02 38300 4.2 419 1.6 0.14 1990 0.22
C-220522 WC15 <0.02 40200 5.2 434 1.7 0.17 2040 0.23
C-220523 WC16 <0.02 39100 5.2 430 1.6 0.16 2070 0.22
C-220524 WC17 <0.02 39300 4.7 433 1.6 0.16 2180 0.22
C-220525 WC18 <0.02 39500 4.3 440 1.5 0.15 2020 0.22
C-220526 WC19 <0.02 38700 4.8 422 1.5 0.15 2120 0.22
C-220527 WC20 <0.02 38000 4.7 423 1.6 0.14 2140 0.21
C-220528 WC21 <0.02 35700 4.2 402 1.4 0.14 2120 0.22
C-220529 WC22 <0.02 34200 3.7 393 1.4 0.15 2100 0.2
C-220530 WC23 <0.02 34100 3.7 395 1.4 0.12 2140 0.21
C-220531 WC24 <0.02 33200 3.7 391 1.3 0.14 2020 0.22
C-220532 WC25 <0.02 33900 3.6 395 1.4 0.12 2100 0.22
C-220533 WC26 <0.02 20400 2 250 0.74 < 0.1 1280 0.13
C-220534 WC27 <0.02 33500 3.7 394 1.4 0.12 2000 0.2
C-220535 WC28 <0.02 33100 4.3 386 1.2 0.12 2160 0.2
C-220536 WC29 0.68 31400 6.6 394 1.4 0.12 2470 0.22
C-220537 WC30 0.59 31400 7 398 1.4 0.11 2420 0.25
C-220538 WC31 0.39 30600 6.2 381 1.3 0.1 2240 0.23
C-220539 WC32 0.5 33100 6.7 405 1.5 0.1 2500 0.26
C-220540 WC33 0.64 36200 6 410 1.6 0.11 2240 0.22
C-220541 WC34 0.73 40400 6.2 431 1.7 0.13 2340 0.24
C-220542 WC35 0.67 41700 6.5 442 1.8 0.13 2120 0.22
C-220543 WC36 0.75 41200 6.2 437 1.6 0.13 1990 0.23
C-220544 WC37 0.85 39900 6 443 1.5 0.12 2020 0.22
C-220545 WC38 0.65 38500 5.7 432 1.6 0.12 1930 0.21
C-220546 WC39 0.68 41400 6.4 448 1.6 0.13 2090 0.22
C-220547 WC40 0.78 44300 6.4 475 1.7 0.14 2010 0.21
C-220548 WC41 0.84 41900 5.8 453 1.7 0.12 2040 0.2
C-220549 WC42 0.75 38800 5.6 430 1.6 0.12 2220 0.22
C-220550 WC43 0.77 38000 5.6 422 1.4 0.11 2130 0.24
C-220551 WC44 0.82 37400 5.4 417 1.4 0.11 2240 0.24
C-220552 WC45 0.78 36200 5.3 410 1.4 0.11 2300 0.24
C-220553 WC46 0.67 35600 5 408 1.4 0.1 2280 0.22
C-220554 WC47 0.77 35000 5 404 1.4 0.1 2130 0.23
C-220555 WC48 0.74 35900 5.1 412 1.3 0.1 2090 0.24
C-220556 WC49 0.74 35600 4.8 400 1.4 0.1 1970 0.24
C-220557 WC50 0.83 37000 5 409 1.4 0.1 1980 0.23
C-220680 WC51 0.68 35400 5.3 409 1.2 0.16 1860 0.23
C-220681 WC52 0.42 32500 5.2 390 1.2 0.14 1960 0.2
C-220682 WC53 0.39 34100 4.6 408 1.2 0.14 2060 0.21
C-220683 WC54 0.37 35200 4.8 408 1.1 0.14 2110 0.22
C-220684 WC55 0.39 34700 4.8 407 1.4 0.14 1910 0.22
C-220685 WC56 0.37 35100 5.3 415 1.4 0.15 2040 0.22
C-220686 WC57 0.34 35200 4.4 413 1.3 0.14 2080 0.21
C-220687 WC58 0.41 34800 5 404 1.4 0.15 2100 0.22
C-220688 WC59 0.46 34600 5.1 398 1.3 0.14 2010 0.2
C-220689 WC60 0.37 37600 5.3 426 1.4 0.15 2010 0.22
C-220690 WC61 0.48 39400 6 431 1.5 0.16 1890 0.21
C-220691 WC62 0.51 41600 6.7 429 1.4 0.18 1820 0.24
C-220692 WC63 0.46 38600 5.6 426 1.4 0.17 1730 0.22
C-220693 WC64 0.43 38800 5.6 440 1.4 0.16 1900 0.23
C-220694 WC65 0.31 34400 5.2 412 1.3 0.15 1910 0.21
C-220695 WC66 0.28 35000 4.5 415 1.2 0.15 2150 0.2
C-220696 WC67 0.33 35000 5 403 1.4 0.14 2050 0.18
C-220697 WC68 0.39 35000 5 414 1.2 0.15 2370 0.19
C-220698 WC69 0.36 35200 4.6 416 1.3 0.15 2050 0.23
C-220699 WC70 0.33 36300 5 429 1.2 0.14 2080 0.18
C-220700 WC71 0.34 35200 4.9 418 1.3 0.14 2000 0.17
C-220701 WC72 0.36 36600 4.5 421 1.4 0.15 2070 0.1
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Lab No. Field No. Ce Co Cr Cs Cu Fe Ga K
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C-220508 WC1 77.3 18.2 38.9 2.6 19.2 19000 8.4 11300
C-220509 WC2 78.4 15.6 41 2.5 18.3 16000 8.3 11200
C-220510 WC3 76.7 15.8 38 2.4 17.1 16000 7.8 11200
C-220511 WC4 74.9 16.5 44.7 2.4 18.4 18000 7.9 11300
C-220512 WC5 78.4 17 44.3 2.4 18.9 18000 8.2 11400
C-220513 WC6 79 16.4 41.7 2.4 18.6 17000 7.8 11100
C-220514 WC7 79.1 16.9 43.6 2.4 19.2 17000 7.9 11300
C-220515 WC8 78 16.1 42.4 2.4 17.8 16000 7.9 11000
C-220516 WC9 79.8 19 42.5 2.4 18.9 18000 8.1 10900
C-220517 WC10 85 20.4 43 2.4 19.6 18000 8.2 10600
C-220518 WC11 86.4 19.3 45.7 2.6 19.9 20000 8.6 11100
C-220519 WC12 81.6 17.2 44.7 2.5 17.8 18000 8.3 11100
C-220520 WC13 83.3 17.5 40.3 2.4 17.8 18000 8.1 10700
C-220521 WC14 84.7 18.5 41.8 2.6 18.1 17000 8.4 11200
C-220522 WC15 87.4 22.5 45.8 2.8 19.6 18000 8.8 11200
C-220523 WC16 87.3 19.4 46.5 2.7 19.6 19000 8.7 11100
C-220524 WC17 88.1 18 47.1 2.6 21 19000 8.8 11100
C-220525 WC18 85.3 17 42.1 2.6 19 18000 8.7 11400
C-220526 WC19 81.8 19 43.2 2.6 19.5 18000 8.5 10900
C-220527 WC20 81.8 18 42.9 2.6 20.7 18000 8.4 11000
C-220528 WC21 77.8 17.4 40 2.3 18.3 18000 7.9 10500
C-220529 WC22 78.4 16.5 38.2 2.2 16.7 17000 7.6 10400
C-220530 WC23 78.2 15.8 39.1 2.2 17.3 17000 7.6 10500
C-220531 WC24 75 17.2 39.1 2.1 24.6 16000 7.3 10200
C-220532 WC25 72.5 16.6 37.1 2.1 16.4 16000 7.5 10400
C-220533 WC26 45.3 10 24.7 1.3 12.9 9900 4.5 6270
C-220534 WC27 75.8 18 39.4 2.2 16.9 16000 7.4 10400
C-220535 WC28 75.7 18.6 48.2 2.1 17.1 16000 7.3 10000
C-220536 WC29 79.4 22.3 37.8 2 18.4 16000 7 9620
C-220537 WC30 82.2 23.2 40.6 2 18.2 16000 7.1 9640
C-220538 WC31 71.6 19.9 34.6 2 16.8 15000 6.9 9500
C-220539 WC32 79.8 20.6 39.7 2.1 17.6 17000 7.3 9870
C-220540 WC33 79.6 18.4 41.3 2.4 18.4 17000 8.1 10800
C-220541 WC34 86.4 18.9 43.3 2.7 19.6 19000 8.7 11600
C-220542 WC35 85.4 19.8 46.2 2.8 20.9 20000 9.2 11800
C-220543 WC36 84.4 18.9 48.9 2.7 20.3 19000 9 11600
C-220544 WC37 86.1 17.9 43.6 2.6 19.9 18000 8.7 11700
C-220545 WC38 84.5 16.4 43.6 2.5 18.8 18000 8.4 11600
C-220546 WC39 83.9 18.4 45.7 2.8 20.9 19000 9 11900
C-220547 WC40 83.6 18.2 51.4 3 23.2 20000 9.6 12500
C-220548 WC41 74.6 16.9 39.5 2.8 19.3 18000 9.1 12200
C-220549 WC42 73.2 17.4 38.4 2.6 19.6 18000 8.6 11500
C-220550 WC43 70.3 17.3 41.1 2.5 18 17000 8.5 11100
C-220551 WC44 72.1 17 43.1 2.4 19 17000 8.4 11100
C-220552 WC45 71.9 16.3 38.2 2.3 18 17000 8.1 10900
C-220553 WC46 70.9 15.3 36.9 2.3 18.8 16000 7.9 10800
C-220554 WC47 70.5 15.4 36.8 2.3 17.9 16000 7.7 10900
C-220555 WC48 68.7 16.1 41.4 2.3 18.1 17000 7.7 11100
C-220556 WC49 71.4 15.8 38 2.3 18.5 16000 7.7 11000
C-220557 WC50 73.3 16.4 38.4 2.4 18.8 16000 8 11200
C-220680 WC51 83.2 15.5 32.8 2.4 17.6 15000 7.3 10500
C-220681 WC52 84.4 13.7 32.6 2.2 15.4 16000 7.2 10400
C-220682 WC53 81.8 14.6 32.6 2.3 16.2 16000 7.2 10600
C-220683 WC54 82.5 15 33.2 2.4 16.6 16000 7.4 10800
C-220684 WC55 83.5 14.3 32.3 2.4 16.9 15000 7.3 10900
C-220685 WC56 85.7 14.5 37.9 2.4 17.4 15000 7.4 11000
C-220686 WC57 82.4 14.3 34.1 2.3 16.7 15000 7 10800
C-220687 WC58 86.1 13.6 37 2.3 16.8 15000 7.3 10500
C-220688 WC59 83.5 13.9 34.3 2.3 16.3 15000 7.2 10600
C-220689 WC60 86.4 15.8 38.4 2.5 16.8 16000 7.6 11000
C-220690 WC61 85.2 17.2 35.9 2.6 17.6 17000 8.3 11300
C-220691 WC62 90.2 18 39 2.9 18.8 17000 8.9 11200
C-220692 WC63 88.8 15 34.7 2.7 17.4 16000 8.2 11200
C-220693 WC64 86.5 14.7 36.8 2.7 18.1 16000 8 11500
C-220694 WC65 83.1 14.6 31.3 2.3 18.2 15000 7.1 10700
C-220695 WC66 88.4 15.8 34.7 2.3 16.4 14000 7.2 11000
C-220696 WC67 90.8 14.5 34.8 2.4 18.4 15000 7.2 10300
C-220697 WC68 91.5 14.4 37 2.4 16.2 15000 7.3 10500
C-220698 WC69 93.6 14 37.1 2.3 15.6 15000 7.6 10700
C-220699 WC70 85.4 16 32.9 2.4 16.2 15000 7.3 11000
C-220700 WC71 81.7 16.2 30.5 2.3 15.8 14000 7 10700
C-220701 WC72 85.8 14.2 34.4 2.4 17.2 15000 7.6 11000
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Lab No. Field No. La Li Mg Mn Mo Na Nb Ni
ppm ppm ppm ppm ppm ppm ppm ppm
C-220508 WC1 36.9 22 2250 1080 1.1 2770 8.8 19.4
C-220509 WC2 37.8 21.9 2120 435 1.4 2780 10 19.9
C-220510 WC3 37.6 20.6 1970 682 1.2 2900 8.6 17.8
C-220511 WC4 37.7 20.7 1960 922 1.9 2850 8.2 22.2
C-220512 WC5 37.9 21.1 2020 969 1.2 2900 10 19.3
C-220513 WC6 38.4 21.1 2050 735 1.2 2860 8.8 19
C-220514 WC7 38.1 21.1 2040 706 1.4 2860 9.4 20.1
C-220515 WC8 37.7 20.8 2060 547 1.6 2770 10 21
C-220516 WC9 38.3 21.1 2040 886 1.2 2690 10 18.8
C-220517 WC10 41.4 21.3 2110 1190 1.7 2400 11 21.9
C-220518 WC11 41.4 22.4 2200 1670 1.6 2500 12 21.3
C-220519 WC12 39.3 21.6 2090 1270 1.7 2570 8.8 21.7
C-220520 WC13 39.6 20.8 2040 1090 1.2 2540 7.5 19.2
C-220521 WC14 41.2 22 2090 940 1.3 2590 10 19.6
C-220522 WC15 42.5 23.1 2230 1190 1.7 2500 10 22.4
C-220523 WC16 43.3 22.7 2160 1350 1.6 2520 9.7 21.7
C-220524 WC17 42.6 22.3 2120 1770 1.4 2500 10 20.9
C-220525 WC18 41.4 22.4 2090 1450 1.6 2610 8.5 20.2
C-220526 WC19 39.2 22 2100 1340 1.6 2550 11 21.2
C-220527 WC20 39 21.8 2090 1290 1.6 2590 11 20.9
C-220528 WC21 37.6 20.1 1930 1280 1.2 2540 11 18
C-220529 WC22 37.7 19.3 1840 1340 1.3 2500 8.2 17.7
C-220530 WC23 37.9 19.3 1860 1350 1.3 2520 5 17.7
C-220531 WC24 36.5 18.2 1800 1120 1.5 2560 5.2 19.5
C-220532 WC25 34.8 18.7 1800 1120 1.1 2640 5.7 17.3
C-220533 WC26 22.3 11.5 1120 651 1 1540 < 2 11.6
C-220534 WC27 37.1 18.8 1840 877 1.2 2580 9.6 17.4
C-220535 WC28 37.4 18.4 1830 888 2.2 2450 9.2 22.1
C-220536 WC29 40.4 18.1 1910 770 1.4 2340 7.1 17.5
C-220537 WC30 40.8 18.1 1900 654 1.7 2320 6.8 18.7
C-220538 WC31 36.6 17.5 1800 676 1.4 2240 4 16.8
C-220539 WC32 41.5 18.5 1960 855 1.8 2280 8.2 19.8
C-220540 WC33 39.5 20.5 2040 1020 1.3 2530 10 18.7
C-220541 WC34 42.2 22.8 2210 1300 1.6 2610 13 20.6
C-220542 WC35 41.6 23.7 2220 1230 1.6 2640 13 22
C-220543 WC36 41.1 23.1 2150 1030 2 2640 14 22.5
C-220544 WC37 42 22.4 2070 1020 1.5 2720 17 20.4
C-220545 WC38 41.5 21.8 1990 1000 1.3 2720 12 18.4
C-220546 WC39 41 23.7 2180 1190 1.9 2720 14 21.4
C-220547 WC40 41.1 25.2 2250 1170 2.4 2800 15 25.1
C-220548 WC41 36.9 23.2 2100 1280 1.6 2770 17 20
C-220549 WC42 35.8 21.8 2120 1190 1.5 2680 15 19.6
C-220550 WC43 34 21.5 2120 981 1.8 2580 15 20.2
C-220551 WC44 35.6 21.2 2140 901 1.9 2610 16 21.5
C-220552 WC45 34.8 20.3 2100 980 1.3 2590 16 18
C-220553 WC46 35.6 20.3 2070 777 1.4 2560 14 17.7
C-220554 WC47 34.9 19.9 1920 999 1.4 2660 15 17.5
C-220555 WC48 33.5 19.6 1880 958 1.7 2720 15 19.7
C-220556 WC49 35 20.2 1860 834 1.2 2630 15 17.6
C-220557 WC50 35.5 21 1920 757 1.4 2660 17 18.1
C-220680 WC51 35.5 18.3 1870 680 0.87 2620 9.9 16.7
C-220681 WC52 36.8 17.1 1820 1190 0.81 2640 5.2 15.3
C-220682 WC53 35.6 17.7 1870 1100 0.78 2720 5.2 15.9
C-220683 WC54 35.4 18.7 1980 887 0.88 2780 4.7 16.6
C-220684 WC55 36.4 18.4 1950 825 0.7 2770 4.6 16
C-220685 WC56 37.8 17.9 2010 764 0.83 2750 5.8 16.4
C-220686 WC57 36 18 1960 736 0.78 2700 4.8 16.3
C-220687 WC58 37.1 18.4 2040 744 0.85 2720 5.2 16.4
C-220688 WC59 36.3 18.8 2010 682 0.75 2710 6.2 15.6
C-220689 WC60 37.6 18.9 2020 931 0.84 2750 6.1 17.6
C-220690 WC61 36.4 20 2060 681 0.88 2670 7.8 18.2
C-220691 WC62 38.7 22.1 2220 558 1.1 2600 8.2 20.1
C-220692 WC63 38 20.8 2030 729 0.82 2750 7.8 18.1
C-220693 WC64 37.4 20.1 1980 851 0.86 2800 6.6 17.3
C-220694 WC65 36.5 18.3 1760 944 0.81 2750 5.4 15.8
C-220695 WC66 38.6 18.2 1790 815 1 2820 3.4 15.9
C-220696 WC67 39.2 18.2 1830 1010 0.92 2520 4.9 15.5
C-220697 WC68 39.8 18.4 1750 1340 0.9 2520 5.7 16.8
C-220698 WC69 38.2 18.9 1720 1350 0.82 2650 5.6 16
C-220699 WC70 37.4 17.8 1710 1290 0.79 2730 4.8 16.6
C-220700 WC71 35.3 17.7 1720 1320 0.81 2690 5 16
C-220701 WC72 37.8 18 1830 1230 0.84 2710 5.7 16.6
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Lab No. Field No. P Pb Rb Sb Sc Sr Th
ppm ppm ppm ppm ppm ppm ppm
C-220508 WC1 420 27.4 53.7 0.54 6.3 49 9.6
C-220509 WC2 400 26.3 53.3 0.56 6.4 49 9.8
C-220510 WC3 370 23.4 51.2 0.49 5.7 49.2 9.8
C-220511 WC4 390 24.5 51.2 0.49 5.9 48.9 9.5
C-220512 WC5 400 25.4 52.2 0.53 6 49.6 9.8
C-220513 WC6 360 25.5 50.9 0.46 5.9 48.4 9.6
C-220514 WC7 370 25.6 51.6 0.49 6.1 49.1 9.7
C-220515 WC8 370 25 50.5 0.51 5.9 47.2 9.7
C-220516 WC9 390 25 51.3 0.52 6.1 48.3 9.9
C-220517 WC10 450 25 50.9 0.58 6.3 46.1 10.4
C-220518 WC11 480 25.2 54.4 0.61 6.6 48 10.7
C-220519 WC12 420 24.5 52.9 0.55 6.3 47.8 9.9
C-220520 WC13 400 24.6 52 0.52 6.1 47.2 10
C-220521 WC14 410 25.7 53.9 0.57 6.5 47.9 10.5
C-220522 WC15 460 26.9 56.6 0.62 7 48.8 10.6
C-220523 WC16 450 27 54.7 0.6 6.8 48.4 10.8
C-220524 WC17 440 25.9 55.3 0.6 6.8 49 10.8
C-220525 WC18 420 25 56.6 0.55 6.7 50 10.5
C-220526 WC19 430 26.6 53.9 0.58 6.5 48.5 10.1
C-220527 WC20 420 26.7 53.4 0.54 6.4 49.1 10
C-220528 WC21 390 24.6 49.5 0.55 5.8 47.2 9.6
C-220529 WC22 370 23.9 49 0.5 5.6 46 9.6
C-220530 WC23 380 23.6 49.1 0.49 5.6 46.7 9.6
C-220531 WC24 360 23.7 47.6 0.46 5.4 46.7 9.1
C-220532 WC25 370 22.2 47.9 0.48 5.5 47.4 9
C-220533 WC26 220 14 28.8 0.28 3.3 29.7 5.6
C-220534 WC27 360 22.2 48.3 0.51 5.5 47.5 9.4
C-220535 WC28 370 22.4 46.7 0.51 5.4 45.9 9.6
C-220536 WC29 380 22.7 43.2 0.54 5.3 43.4 8.9
C-220537 WC30 380 23.2 43.9 0.52 5.3 44 9.3
C-220538 WC31 380 22.5 42.8 0.44 5.1 42 8
C-220539 WC32 410 23.7 45.1 0.56 5.5 43.5 8.9
C-220540 WC33 400 24.8 50.6 0.54 6.1 47.6 9.6
C-220541 WC34 450 27.2 56.1 0.61 6.9 50 10.6
C-220542 WC35 450 28.1 57.8 0.61 7.1 50.2 10.5
C-220543 WC36 440 27.3 57 0.61 7 49.8 10.4
C-220544 WC37 430 26.7 56.1 0.67 6.8 51.3 10.4
C-220545 WC38 420 25.8 54.1 0.6 6.7 50.4 10.2
C-220546 WC39 470 27.2 58.4 0.67 7.1 51 10.2
C-220547 WC40 500 27.7 62.3 0.69 7.6 53.2 10.4
C-220548 WC41 470 24.8 59 0.67 7 52 9.4
C-220549 WC42 430 25.5 54.8 0.61 6.5 49.6 9.2
C-220550 WC43 400 25.3 53.9 0.6 6.4 48.8 8.9
C-220551 WC44 410 25.8 52.9 0.62 6.4 48.8 9.4
C-220552 WC45 390 25.3 50.9 0.61 6.1 48.6 9.1
C-220553 WC46 380 24.4 50.5 0.58 6.1 48.2 9
C-220554 WC47 360 26.2 50 0.55 5.9 48.2 9.1
C-220555 WC48 360 26.8 51.2 0.56 6 49.3 8.9
C-220556 WC49 350 26.8 50.3 0.55 6 48.8 9.2
C-220557 WC50 360 27.2 51.9 0.57 6.2 49.9 9.2
C-220680 WC51 360 27.2 50.1 0.54 6 44.1 9
C-220681 WC52 360 25 46.5 0.45 5.4 41.7 9.1
C-220682 WC53 350 25 47.8 0.48 5.5 43.1 9.1
C-220683 WC54 350 25.6 49.8 0.46 5.5 44.4 9.2
C-220684 WC55 330 25 49.7 0.44 5.8 44.2 9.2
C-220685 WC56 350 25.5 48.8 0.45 5.6 45.1 9.5
C-220686 WC57 350 24.4 48.8 0.46 5.5 45.3 9.3
C-220687 WC58 360 24.6 48 0.47 5.7 42.4 9.6
C-220688 WC59 350 24.4 47 0.52 5.6 42 9.5
C-220689 WC60 380 25.5 51.6 0.48 6.1 44.9 9.3
C-220690 WC61 410 26.3 54.6 0.57 6.2 44.4 9.5
C-220691 WC62 440 28.1 56.8 0.6 6.9 44.5 9.8
C-220692 WC63 390 26 52.6 0.57 6.5 43.7 9.8
C-220693 WC64 400 24.7 54.1 0.55 6.2 47.1 9.7
C-220694 WC65 340 22.6 47.8 0.46 5.6 43.4 9.3
C-220695 WC66 330 22.4 47.3 0.43 5.6 43.1 9.7
C-220696 WC67 380 21.8 47.9 0.49 5.6 41.4 10
C-220697 WC68 380 21.6 47.8 0.49 5.9 42 10.1
C-220698 WC69 360 21.1 48.7 0.49 5.7 43 9.9
C-220699 WC70 360 21.1 48.2 0.48 5.4 44.4 9.7
C-220700 WC71 350 20.6 47.3 0.49 5.5 41.8 9.1
C-220701 WC72 360 22 49.4 0.5 5.8 44.1 9.7
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C-220508 WC1 3000 0.52 2.7 55.6 29.1 55
C-220509 WC2 3200 0.53 2.8 55.2 30.6 53
C-220510 WC3 3100 0.51 2.6 50.3 27.8 48.9
C-220511 WC4 3000 0.5 2.5 51 28.5 49.3
C-220512 WC5 3300 0.5 2.5 52.8 30.1 51.2
C-220513 WC6 3200 0.5 2.6 51.9 30.1 51.8
C-220514 WC7 3300 0.52 2.7 52.3 30.4 51.1
C-220515 WC8 3200 0.52 2.6 51.6 29.4 51.9
C-220516 WC9 3300 0.52 2.8 54 32.9 51.7
C-220517 WC10 3400 0.53 3.1 56.7 32.7 52.9
C-220518 WC11 3600 0.54 3.2 59.2 33.2 53.7
C-220519 WC12 3200 0.52 2.9 56.2 31.8 50.6
C-220520 WC13 3100 0.51 2.9 54.8 31.5 49.8
C-220521 WC14 3400 0.54 3.1 56.4 32.3 51.9
C-220522 WC15 3500 0.58 3.6 61 33.7 55.1
C-220523 WC16 3400 0.57 3.4 57.8 34.1 54.1
C-220524 WC17 3500 0.58 3.5 58 35.1 53.6
C-220525 WC18 3400 0.55 3.4 57.9 33.2 52.9
C-220526 WC19 3400 0.54 3.2 55.7 31.3 52.6
C-220527 WC20 3500 0.53 3.1 56.5 31.6 51.8
C-220528 WC21 3200 0.5 2.9 52.5 30.7 47.8
C-220529 WC22 3000 0.5 2.8 50.2 29.8 45.7
C-220530 WC23 2900 0.5 2.8 51.3 30.3 45.7
C-220531 WC24 3000 0.5 2.7 47.9 29.7 48
C-220532 WC25 3000 0.5 2.7 48.9 30 44.8
C-220533 WC26 1900 0.3 1.8 28.3 19 28.3
C-220534 WC27 3100 0.5 2.8 48.8 30.1 45.1
C-220535 WC28 3000 0.5 2.9 48.8 30.9 45
C-220536 WC29 3100 0.5 2.8 50.5 33.4 44.8
C-220537 WC30 3300 0.5 3 50.3 33.5 45.6
C-220538 WC31 2900 0.5 2.8 49.3 30.1 42.8
C-220539 WC32 3000 0.5 2.8 51.2 35.2 46.1
C-220540 WC33 3200 0.5 2.7 53.7 31.7 49.5
C-220541 WC34 3600 0.56 2.9 60.2 34.2 55
C-220542 WC35 3600 0.58 2.9 61.4 33.3 57
C-220543 WC36 3500 0.58 3 60.6 32.9 55.1
C-220544 WC37 3700 0.57 3 59.2 34 53.6
C-220545 WC38 3600 0.56 3 57.2 35.1 50.2
C-220546 WC39 3700 0.59 3.1 61 33.9 55.2
C-220547 WC40 3900 0.62 3.3 64.4 35.3 60
C-220548 WC41 3500 0.56 3 60.1 32.5 53.3
C-220549 WC42 3400 0.54 2.8 56.2 31.4 52.2
C-220550 WC43 3200 0.53 2.6 55.2 30 52.1
C-220551 WC44 3500 0.5 2.7 54.5 31.2 52.4
C-220552 WC45 3600 0.5 2.8 53 30.7 49.8
C-220553 WC46 3500 0.5 2.8 52.9 30.1 50.7
C-220554 WC47 3400 0.5 2.5 50.2 28.3 48.9
C-220555 WC48 3300 0.5 2.4 50.7 28.7 49.8
C-220556 WC49 3400 0.5 2.5 50.6 29.1 49.7
C-220557 WC50 3700 0.5 2.6 53 30 51.2
C-220680 WC51 4100 0.5 2.6 50 29.3 48.2
C-220681 WC52 4100 0.5 2.4 47.7 27.7 43.6
C-220682 WC53 4100 0.5 2.5 47.6 29.1 45.5
C-220683 WC54 4100 0.5 2.5 48.1 28.9 47.2
C-220684 WC55 4100 0.5 2.4 49.1 28.9 46.4
C-220685 WC56 4100 0.5 2.5 50.7 30 48.1
C-220686 WC57 4100 0.5 2.7 48.3 29.3 45.7
C-220687 WC58 4100 0.5 2.7 49.8 28.8 45.7
C-220688 WC59 4100 0.5 2.7 48.8 29.2 45.4
C-220689 WC60 4100 0.51 2.4 52.6 29.4 49.1
C-220690 WC61 4100 0.54 2.6 54.8 30.6 51.4
C-220691 WC62 4100 0.57 3 60.3 31.9 56.3
C-220692 WC63 4100 0.54 2.9 55.9 31.6 51.2
C-220693 WC64 4100 0.51 2.8 53.8 31.2 50.3
C-220694 WC65 4100 0.5 2.6 49.6 30 44.7
C-220695 WC66 4100 0.5 2.7 49.3 29.8 47.8
C-220696 WC67 4100 0.5 3 50.4 31.1 44.7
C-220697 WC68 4100 0.5 3.1 50.8 31.7 46.2
C-220698 WC69 4100 0.5 2.9 49.8 36 43.7
C-220699 WC70 4100 0.5 2.5 49.4 30.1 44.5
C-220700 WC71 4100 0.5 2.7 47.1 28.4 42
C-220701 WC72 4100 0.5 2.8 51.6 30 45.3  
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Lab No. Field No. Ag Al As Ba Be Bi Ca Cd
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C-220756 LC1 0.45 42700 6.8 382 1.5 0.18 2100 0.24
C-220757 LC2 0.42 45000 6.4 366 2 0.2 2320 0.35
C-220758 LC3 0.45 45300 6.6 370 1.8 0.22 2320 0.37
C-220759 LC4 0.43 44300 7 366 1.8 0.21 2460 0.36
C-220760 LC5 0.47 45600 6.9 383 1.8 0.2 2300 0.36
C-220761 LC6 0.41 45000 7.4 385 2 0.2 2330 0.36
C-220762 LC7 0.44 44200 7.2 377 1.8 0.22 2320 0.36
C-220763 LC8 0.46 45300 7.4 381 1.8 0.21 2400 0.35
C-220764 LC9 0.36 39600 6.7 329 1.7 0.18 2160 0.31
C-220765 LC10 0.34 35700 6 293 1.4 0.16 2130 0.26
C-220766 LC11 0.37 40000 6.9 326 1.6 0.18 2080 0.3
C-220767 LC12 0.37 40500 7.4 344 1.6 0.18 2260 0.28
C-220768 LC13 0.32 35700 5.4 312 1.4 0.16 2040 0.25
C-220769 LC14 0.3 34100 5.1 299 1.4 0.15 1770 0.23
C-220770 LC15 0.25 31900 5.3 286 1.3 0.13 1740 0.21
C-220771 LC16 0.27 35900 5.6 321 1.5 0.15 1910 0.25
C-220772 LC17 0.32 38100 6.1 332 1.6 0.16 1950 0.26
C-220773 LC18 0.29 33700 5.3 297 1.3 0.14 1740 0.23
C-220774 LC19 0.26 35900 5 316 1.5 0.15 1840 0.24
C-220775 LC20 0.28 32900 5 291 1.2 0.14 1700 0.21
C-220776 LC21 0.27 33900 5.1 293 1.4 0.14 1700 0.22
C-220777 LC22 0.26 34100 5.2 306 1.3 0.14 1680 0.21
C-220778 LC23 0.28 32400 4.3 306 1.2 0.16 1570 0.15
C-220779 LC24 0.23 25300 3.6 226 0.9 0.1 1190 0.11
C-220780 LC25 0.16 23800 3 209 0.88 0.09 1050 0.07
C-220781 LC26 0.19 27700 3.3 251 0.97 0.1 1250 0.07
C-220782 LC27 0.18 28600 3.3 257 0.89 0.11 1260 0.1
C-220783 LC28 0.18 26000 4.2 243 0.88 0.1 1180 0.07
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Lab No. Field No. Ce Co Cr Cs Cu Fe Ga K
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C-220756 LC1 72 18 49.6 2.8 23.2 19000 9.2 10500
C-220757 LC2 83.6 21.6 57.2 3.1 25.3 20000 9.7 10400
C-220758 LC3 75.3 22.6 64.7 3.2 25.5 21000 9.8 10400
C-220759 LC4 81.4 23.1 60.8 3.1 61.6 21000 9.5 10200
C-220760 LC5 76.2 23.2 46 3.2 25.1 23000 9.9 10600
C-220761 LC6 76 24 44.2 3.2 24.8 22000 9.9 10500
C-220762 LC7 82.9 23.4 44.6 3.2 25 22000 9.7 10300
C-220763 LC8 83.7 24.2 48.8 3.2 24.8 22000 9.9 10400
C-220764 LC9 68.9 20.5 41.6 2.8 25.2 19000 8.5 8980
C-220765 LC10 60.4 19.7 37.5 2.5 20.6 17000 7.9 7820
C-220766 LC11 67.1 21.2 41.4 2.9 22 19000 8.8 8810
C-220767 LC12 68.2 21.5 40.9 2.9 22.6 20000 8.8 9090
C-220768 LC13 68 18.6 36.5 2.4 20.9 16000 7.7 8380
C-220769 LC14 60 18.4 36.7 2.3 20 16000 7.3 7980
C-220770 LC15 55.6 17.5 34.7 2.2 18.1 16000 6.9 7500
C-220771 LC16 63.3 18.7 38.4 2.4 19.1 17000 7.8 8500
C-220772 LC17 64.2 19.9 39.4 2.6 23.5 18000 8.2 8860
C-220773 LC18 60.4 17.6 37.8 2.3 17.6 16000 7.1 7830
C-220774 LC19 63.6 18.2 39.4 2.5 19.4 17000 7.7 8420
C-220775 LC20 60.4 17.6 36.9 2.2 17.2 15000 7.1 7580
C-220776 LC21 57.4 16.8 38.7 2.3 20.2 15000 7.4 7650
C-220777 LC22 57.9 16.4 35.1 2.3 17.5 16000 7.3 7920
C-220778 LC23 55.5 13.9 41.6 2.2 16.7 13000 6.9 8300
C-220779 LC24 44.4 11.7 34.2 1.6 14.4 10000 5.4 6020
C-220780 LC25 41.9 10.1 29.4 1.5 17.2 9300 5.2 5540
C-220781 LC26 47.5 11.4 33.3 1.8 14.2 11000 5.8 6830
C-220782 LC27 47.5 11 32.9 1.8 13.9 10000 6 7040
C-220783 LC28 51.9 11.4 33.9 1.7 15.6 12000 5.6 6360  
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Lab No. Field No. La Li Mg Mn Mo Na Nb Ni
ppm ppm ppm ppm ppm ppm ppm ppm
C-220756 LC1 35.6 22.8 2280 1120 1.6 2450 16 23.9
C-220757 LC2 38.1 25.1 2610 771 2.5 2190 16 29.8
C-220758 LC3 36.8 25.1 2650 944 4.3 2190 17 36.4
C-220759 LC4 37.1 25.3 2690 757 3.5 2130 18 33.9
C-220760 LC5 37.3 25.4 2660 1220 1.4 2180 18 24.6
C-220761 LC6 37.2 26 2620 1260 1.4 2190 17 25.6
C-220762 LC7 37.9 25.5 2620 1260 1.5 2140 17 24.9
C-220763 LC8 38.2 25.7 2680 1310 1.8 2120 18 26.9
C-220764 LC9 33.8 22.8 2360 1150 1.2 1800 14 21.7
C-220765 LC10 29.2 20.8 2220 1010 1.2 1520 14 20.9
C-220766 LC11 32.5 22.9 2340 1090 1.5 1680 15 23.1
C-220767 LC12 33 22.8 2400 1470 1.4 1760 14 22.6
C-220768 LC13 30.7 20.3 2020 1390 1.1 1760 12 19.3
C-220769 LC14 29.6 19.5 1860 1320 1.1 1680 12 19.3
C-220770 LC15 28 18.1 1730 1630 1.2 1570 11 18.3
C-220771 LC16 31.6 20.3 1940 1610 1.3 1810 12 20.5
C-220772 LC17 31.6 20.8 2020 1630 1.2 1810 14 21
C-220773 LC18 30.3 19.2 1800 1340 1.2 1650 11 18.9
C-220774 LC19 31.2 20.4 1910 1290 1.3 1750 10 20.2
C-220775 LC20 27.6 18.9 1750 1080 1.3 1570 12 19.1
C-220776 LC21 28.6 18.8 1780 959 1 1550 11 19
C-220777 LC22 28.6 19.2 1810 1070 1.1 1640 11 18.4
C-220778 LC23 28.6 18.3 1630 568 1.1 1910 11 16.8
C-220779 LC24 22.3 14.3 1260 312 1.5 1280 8.6 16.3
C-220780 LC25 21.1 13.2 1160 212 0.93 1230 6.9 13
C-220781 LC26 23.8 15.1 1330 198 1.1 1570 8.2 15
C-220782 LC27 24 15.6 1370 165 1 1650 7.3 14.8
C-220783 LC28 23.6 14.6 1250 399 1.2 1460 7.9 15.2
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Lab No. Field No. P Pb Rb Sb Sc Sr Th
ppm ppm ppm ppm ppm ppm ppm
C-220756 LC1 450 30.9 52.2 0.64 7.2 41.4 9.2
C-220757 LC2 480 44.9 54.8 0.63 7.8 39.6 9.7
C-220758 LC3 480 45.1 55.6 0.64 8.2 39.7 9.6
C-220759 LC4 470 48.5 54.5 0.7 7.9 39.1 9.6
C-220760 LC5 520 45.8 56 0.67 8.2 40.8 9.8
C-220761 LC6 540 46.1 55.8 0.67 8.2 40.4 9.6
C-220762 LC7 500 46.4 55.1 0.65 7.9 39.8 9.9
C-220763 LC8 500 46.7 55.9 0.68 8.2 40.4 9.9
C-220764 LC9 450 41.3 47.9 0.6 7.1 34.6 8.8
C-220765 LC10 410 35.8 42.3 0.54 6.2 29.9 7.7
C-220766 LC11 460 38.8 48.5 0.59 7.3 33.3 8.5
C-220767 LC12 490 39.5 49.8 0.61 7.2 34.6 8.6
C-220768 LC13 400 33.1 43.2 0.52 6.3 32.2 8
C-220769 LC14 370 30.3 41.4 0.52 5.9 30.8 7.9
C-220770 LC15 370 27.1 38.4 0.46 5.5 29 7.2
C-220771 LC16 380 29.7 43.9 0.52 6.3 32.6 8.2
C-220772 LC17 420 30.8 46.2 0.53 6.5 33.4 8.2
C-220773 LC18 370 27.2 40.4 0.47 5.8 30.5 7.8
C-220774 LC19 390 29.5 43.7 0.5 6.3 32.4 8.2
C-220775 LC20 370 26 39.5 0.52 5.6 29 7.4
C-220776 LC21 370 26.9 40.2 0.47 5.7 29.1 7.4
C-220777 LC22 380 26.3 41.4 0.46 5.8 30.2 7.4
C-220778 LC23 340 19.3 40.3 0.48 5.5 32.4 7.6
C-220779 LC24 280 13.7 29.5 0.38 4.4 23.6 6
C-220780 LC25 260 12 26.8 0.35 3.8 21.8 5.5
C-220781 LC26 300 12.2 32 0.41 4.6 26.7 6.5
C-220782 LC27 290 12.3 33.3 0.36 4.5 27.3 6.4
C-220783 LC28 300 11.4 30.6 0.41 4.3 25.5 6.2
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Lab No. Field No. Ti Tl U V Y Zn
ppm ppm ppm ppm ppm ppm
C-220756 LC1 3100 0.5 2.6 57.1 29.9 55
C-220757 LC2 3100 0.58 2.3 62.7 31.1 69.4
C-220758 LC3 3300 0.56 2.4 63.8 31.7 71.1
C-220759 LC4 3500 0.56 2.4 63.1 31.5 72.9
C-220760 LC5 3500 0.57 2.5 65.3 32.3 71.5
C-220761 LC6 3400 0.57 2.5 64.4 31.8 70.4
C-220762 LC7 3400 0.58 2.6 63.6 31.1 70
C-220763 LC8 4000 0.58 2.6 65.8 32.2 71.2
C-220764 LC9 3200 0.5 2.4 57.4 29.1 63
C-220765 LC10 2700 0.5 2.2 51.7 26 55
C-220766 LC11 2800 0.52 2.3 58.2 28.4 60.7
C-220767 LC12 2900 0.52 2.4 57.8 28.5 60.1
C-220768 LC13 2700 0.5 2.2 49.7 26.3 50.5
C-220769 LC14 2700 0.4 2.2 48.1 25.4 48
C-220770 LC15 2500 0.4 2 44.7 23.9 44.4
C-220771 LC16 2800 0.5 2.1 50.5 26.3 50.2
C-220772 LC17 2800 0.5 2.2 53.6 27.5 53.1
C-220773 LC18 2700 0.4 2.1 47.3 25.5 47.8
C-220774 LC19 2900 0.5 2.2 50.7 26.7 50
C-220775 LC20 2600 0.4 2 46.6 24.5 44.9
C-220776 LC21 2400 0.4 2 47 24.1 46.7
C-220777 LC22 2400 0.4 2.1 46.9 24.6 46.8
C-220778 LC23 2600 0.4 2.3 47.8 24.7 38.8
C-220779 LC24 2100 0.3 2 36.7 20.3 30
C-220780 LC25 1900 0.3 1.9 34.2 18.9 26
C-220781 LC26 2200 0.3 2.2 37.8 21.1 30.6
C-220782 LC27 2000 0.3 2 39.5 21.3 29.4
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Lab No. Field No. Ag Al As Ba Be Bi Ca Cd
ppm ppm ppm ppm ppm ppm ppm ppm
C-220619 UBR1 0.65 44900 8.6 369 2.1 0.21 3560 0.49
C-220620 UBR2 0.52 40200 6.4 349 1.7 0.19 3340 0.44
C-220621 UBR3 0.48 37600 6.5 345 1.7 0.18 3280 0.44
C-220622 UBR4 0.5 39800 6.8 355 1.9 0.19 3190 0.46
C-220623 UBR5 0.5 41500 7 375 2 0.19 3420 0.47
C-220624 UBR6 0.58 42200 7.1 368 1.9 0.2 3430 0.5
C-220625 UBR7 0.52 41400 6.8 368 2 0.2 3450 0.47
C-220626 UBR8 0.41 41400 6.7 356 1.9 0.19 3320 0.45
C-220627 UBR9 0.52 41000 6.8 346 2 0.19 3480 0.46
C-220628 UBR10 0.49 41000 7.6 341 1.9 0.2 3450 0.44
C-220629 UBR11 0.62 42200 7.9 350 2.2 0.2 3310 0.45
C-220630 UBR12 0.58 43800 8.1 360 2.1 0.21 3350 0.46
C-220631 UBR13 0.54 43900 7.6 368 2.1 0.21 3490 0.48
C-220632 UBR14 0.57 43200 7.2 362 2.1 0.2 3640 0.52
C-220633 UBR15 0.45 43500 7.6 356 2 0.2 3890 0.51
C-220634 UBR16 0.49 42500 7.4 354 1.8 0.19 3740 0.49
C-220635 UBR17 0.55 42400 7.2 355 1.9 0.19 3930 0.47
C-220636 UBR18 0.43 41700 6.5 345 1.9 0.2 4630 0.49
C-220637 UBR19 0.41 41900 7.2 344 2.1 0.2 5010 0.49
C-220638 UBR20 0.48 44300 7.8 351 2.1 0.21 4610 0.51
C-220639 UBR21 0.71 41600 8.8 370 1.9 0.21 3740 0.5
C-220640 UBR22 0.46 37800 7.2 356 1.9 0.18 5010 0.46
C-220641 UBR23 0.5 38200 7.2 359 1.8 0.17 4660 0.46
C-220642 UBR24 0.44 37100 7.2 359 1.7 0.17 4200 0.45
C-220643 UBR25 0.38 38100 7.4 361 1.6 0.16 5360 0.47
C-220644 UBR26 0.39 38200 7.2 358 1.9 0.17 4400 0.45
C-220645 UBR27 0.42 37700 7 369 1.7 0.17 2770 0.45
C-220646 UBR28 0.43 37500 6.7 364 1.7 0.17 2620 0.41
C-220647 UBR29 0.33 37800 6.7 369 1.7 0.16 2530 0.42
C-220648 UBR30 0.47 40100 7.1 377 1.6 0.17 2720 0.47
C-220649 UBR31 0.61 39500 7 371 1.8 0.17 2770 0.46
C-220650 UBR32 0.48 41200 7.1 378 1.8 0.17 2800 0.49
C-220651 UBR33 0.45 41600 6.7 376 1.9 0.18 2760 0.48
C-220652 UBR34 0.43 40200 6.2 393 1.8 0.16 2650 0.49
C-220653 UBR35 0.44 42800 7 386 1.9 0.18 2940 0.5
C-220654 UBR36 0.38 40000 6.8 364 1.9 0.17 2750 0.43
C-220655 UBR37 0.53 44600 8 383 2 0.19 3040 0.51
C-220656 UBR38 0.45 46600 7.9 397 2 0.2 3090 0.54
C-220657 UBR39 0.5 46700 7.9 386 2 0.2 3440 0.56
C-220658 UBR40 0.48 47000 7.9 381 2 0.2 3500 0.56
C-220659 UBR41 0.58 46900 8 388 1.9 0.22 2960 0.54
C-220660 UBR42 0.54 46200 7.6 392 2.3 0.2 3060 0.53
C-220661 UBR43 0.46 43500 7.1 390 1.9 0.18 3010 0.54
C-220662 UBR44 0.51 42000 7.1 382 1.7 0.18 2750 0.51
C-220663 UBR45 0.45 41400 6.8 380 1.7 0.17 2820 0.47
C-220664 UBR46 0.51 42500 6.7 380 1.9 0.18 3090 0.51
C-220665 UBR47 0.53 41700 7 383 1.8 0.17 3200 0.5
C-220666 UBR48 0.54 40700 6.3 382 1.8 0.18 2960 0.49
C-220667 UBR49 0.53 40400 6.4 383 1.8 0.17 2900 0.48
C-220668 UBR50 0.58 38400 6.4 366 1.7 0.16 3420 0.44
C-220669 UBR51 0.88 41900 7.7 374 1.6 0.18 3570 0.48
C-220670 UBR52 0.94 43800 7.7 385 2 0.18 3660 0.49
C-220671 UBR53 0.81 41000 7.3 380 1.7 0.16 3840 0.47
C-220672 UBR54 0.74 40600 7.1 392 1.7 0.16 3110 0.47
C-220673 UBR55 0.98 39500 6.9 386 1.6 0.15 2840 0.45
C-220674 UBR56 0.85 39000 6.5 382 1.6 0.15 3040 0.44
C-220675 UBR57 0.79 40200 7.2 382 1.5 0.15 3210 0.44
C-220676 UBR58 0.83 41200 7.1 399 1.8 0.17 2640 0.47
C-220677 UBR59 0.83 42600 7.4 400 1.7 0.18 2800 0.48
C-220678 UBR60 0.81 46600 7.4 405 1.9 0.19 3230 0.53
C-220679 UBR61 0.8 43500 6.9 385 1.7 0.18 3290 0.51
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Lab No. Field No. Ce Co Cr Cs Cu Fe Ga K
ppm ppm ppm ppm ppm ppm ppm ppm
C-220619 UBR1 95.3 23.5 43.4 2.9 31.3 22000 9.7 13000
C-220620 UBR2 88.8 18.4 41.3 2.5 26.3 18000 8.6 12500
C-220621 UBR3 83.6 19.2 41 2.3 24.8 18000 8 12400
C-220622 UBR4 89.4 19.2 40 2.4 26.8 19000 8.5 12700
C-220623 UBR5 91.3 20.4 41 2.6 27.2 20000 8.9 13100
C-220624 UBR6 92.4 20.8 41.7 2.6 27.4 20000 9 13300
C-220625 UBR7 91.6 19.4 42.7 2.5 27.3 20000 8.8 13300
C-220626 UBR8 89.3 19.9 43.4 2.5 26.6 19000 8.8 13300
C-220627 UBR9 92.3 20.6 43.6 2.4 28.3 19000 8.7 13200
C-220628 UBR10 94 22.5 44 2.5 27.8 19000 8.9 12400
C-220629 UBR11 97.4 22.9 43.5 2.6 28.8 20000 8.9 12400
C-220630 UBR12 101 24.2 47.5 2.7 29.9 21000 9.6 12700
C-220631 UBR13 93.4 23 45.1 2.7 28.6 20000 9.3 13100
C-220632 UBR14 90.9 21.6 43.7 2.6 27.8 20000 9.1 13300
C-220633 UBR15 92.1 22.7 41.7 2.6 27.9 20000 9.2 13500
C-220634 UBR16 91.2 21.7 43.4 2.6 27.9 20000 8.9 13100
C-220635 UBR17 92.8 21.5 42.4 2.6 27.6 20000 9 13100
C-220636 UBR18 90.4 20 44.6 2.5 26.6 18000 8.6 12900
C-220637 UBR19 90.6 22.7 44.5 2.5 27.6 19000 8.8 12900
C-220638 UBR20 95.3 24 47.8 2.8 29.4 20000 9.6 13100
C-220639 UBR21 92.9 23.5 45.7 2.8 29 19000 9.2 11900
C-220640 UBR22 85.4 19.8 40.1 2.6 25.7 18000 8.4 11500
C-220641 UBR23 83.6 20.3 38.2 2.5 25.5 18000 8.3 11700
C-220642 UBR24 83.9 19.8 38.9 2.4 25.3 17000 8 11500
C-220643 UBR25 87.8 21.7 41.4 2.5 25.8 18000 8.3 11800
C-220644 UBR26 87.8 18.5 39.9 2.6 26.6 18000 8.6 11400
C-220645 UBR27 83.4 18.7 39 2.4 25.5 17000 8.2 12100
C-220646 UBR28 84 17.8 40.8 2.4 25.1 17000 8.1 11800
C-220647 UBR29 84 17.9 36.4 2.4 24.7 17000 8.2 12000
C-220648 UBR30 87 19 40.2 2.6 25.8 18000 8.6 12200
C-220649 UBR31 84.1 18.6 44.7 2.6 26.1 18000 8.4 12400
C-220650 UBR32 92.6 20 46.2 2.7 25.6 18000 8.7 12400
C-220651 UBR33 88 18.6 60.1 2.6 27 18000 8.8 12400
C-220652 UBR34 85.1 17.3 42.4 2.6 25.6 17000 8.4 13000
C-220653 UBR35 88.4 20.3 66.5 2.8 27.1 19000 9 12800
C-220654 UBR36 88.3 18.6 69.7 2.6 26.7 18000 8.4 11900
C-220655 UBR37 91.9 20.8 46.3 3 27.8 20000 9.4 13100
C-220656 UBR38 98.6 21.8 52.1 3.1 29 20000 9.6 13100
C-220657 UBR39 93 22 48.7 3.2 28.9 21000 10 13000
C-220658 UBR40 91.6 22.3 54.6 3.2 28.8 21000 9.7 12600
C-220659 UBR41 91.1 22.4 44.3 3.2 28.7 21000 9.6 12400
C-220660 UBR42 91 22.2 46 3.1 27.7 21000 9.9 12900
C-220661 UBR43 85 19.8 42 2.9 26.4 19000 9.4 12800
C-220662 UBR44 92.1 18.9 38.5 2.7 25.6 18000 8.8 12600
C-220663 UBR45 85.1 18.2 38.2 2.6 25.1 18000 8.8 12500
C-220664 UBR46 88.7 18.6 41.7 2.8 26.4 19000 8.9 12400
C-220665 UBR47 87.1 17.8 38.8 2.7 25.6 18000 8.5 12900
C-220666 UBR48 85.3 17.1 39 2.6 24.8 17000 8.4 12800
C-220667 UBR49 92.4 17.8 37.8 2.5 24.4 17000 8.6 13000
C-220668 UBR50 81.2 16.1 36.5 2.4 23.2 16000 8 12200
C-220669 UBR51 73.9 17.8 41.2 2.6 26.6 18000 9 12800
C-220670 UBR52 73 19.4 42.9 2.8 28 19000 9.4 13200
C-220671 UBR53 74.1 19.2 40.6 2.6 26.3 18000 8.9 13000
C-220672 UBR54 72 19.4 39.8 2.5 25.4 18000 8.7 13500
C-220673 UBR55 73.1 16.6 39.2 2.4 25.2 16000 8.5 13500
C-220674 UBR56 72.8 14.7 38.3 2.4 24.9 16000 8.3 13300
C-220675 UBR57 72.6 16.7 40.7 2.5 25 17000 8.7 13400
C-220676 UBR58 76.9 19.4 40.6 2.6 27.1 18000 9 13700
C-220677 UBR59 76.5 20 40.5 2.7 26.4 18000 9.4 13800
C-220678 UBR60 83.9 18.4 47.3 3 29.1 20000 10 14200
C-220679 UBR61 73.2 18 44.8 2.8 28.3 19000 9.6 13300  
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Lab No. Field No. La Li Mg Mn Mo Na Nb Ni
ppm ppm ppm ppm ppm ppm ppm ppm
C-220619 UBR1 40.2 23.7 3300 832 0.94 2810 8.1 29
C-220620 UBR2 37.2 20.2 2820 414 1.2 3060 5.8 26
C-220621 UBR3 35.4 18.8 2640 701 1.4 3080 5.5 25.6
C-220622 UBR4 37.4 20 2680 667 1 3120 6 24.6
C-220623 UBR5 38.8 21.4 2880 739 0.86 3260 5.7 25.2
C-220624 UBR6 39 21.7 2940 783 0.94 3140 6 25.6
C-220625 UBR7 38.6 21.2 2970 584 1.1 3170 6 25.9
C-220626 UBR8 38.2 21.3 2950 627 1.3 3160 4.5 26.6
C-220627 UBR9 39 21.4 3080 579 1.1 3070 6 26.9
C-220628 UBR10 39.5 21.7 3040 703 1.4 2780 5.7 28.1
C-220629 UBR11 39.4 22 2940 739 1.6 2660 8.2 29.1
C-220630 UBR12 41.9 23.6 3120 824 1.5 2780 7.4 31.2
C-220631 UBR13 39.5 22.2 3060 761 1.2 3020 6.9 29.4
C-220632 UBR14 38.1 22.4 3240 655 1.2 3100 7.1 27.6
C-220633 UBR15 38.4 22.2 3360 642 1.1 3050 5.8 27.6
C-220634 UBR16 38.4 22.2 3390 676 1.2 3120 6.2 28.1
C-220635 UBR17 38.5 22 3420 699 0.93 3080 6.8 27.3
C-220636 UBR18 37.6 20.5 3780 502 1.4 2990 4.8 28.4
C-220637 UBR19 37.8 21.6 3970 677 1.5 2860 4.8 29.2
C-220638 UBR20 39.8 22.4 3860 955 1.6 2850 5.6 32.6
C-220639 UBR21 40 22.1 3200 942 1.1 2710 7.6 29.5
C-220640 UBR22 37.1 19.8 4080 861 1.1 2840 4.7 25.5
C-220641 UBR23 36.1 19.3 3710 658 1 2840 5.9 24.5
C-220642 UBR24 35.9 19 3450 596 1.2 2980 4.9 24.9
C-220643 UBR25 37.4 19.8 4100 724 0.93 2900 4.2 24.8
C-220644 UBR26 38 19.9 3600 972 0.98 2860 4.6 23.4
C-220645 UBR27 36.2 19.4 2500 714 1 3030 5.1 24.1
C-220646 UBR28 36.4 19.2 2400 581 1.3 3010 5.4 24.3
C-220647 UBR29 36.4 19.3 2430 526 0.81 3080 3.9 23.1
C-220648 UBR30 37.5 20.5 2670 614 1 3090 6.5 23.8
C-220649 UBR31 36.3 19.9 2630 566 1.6 3110 9.3 26.5
C-220650 UBR32 37.6 20.3 2720 630 1.5 3040 6.8 28.1
C-220651 UBR33 37.8 20.3 2630 610 1.5 3090 6.4 33.2
C-220652 UBR34 36.7 19.3 2480 494 1.2 3370 5.8 25
C-220653 UBR35 38.2 21.3 2840 631 3.8 3140 6.3 38.7
C-220654 UBR36 36 19.5 2720 610 4 2840 5 40
C-220655 UBR37 39.3 21.9 3070 606 1.2 3000 7 27.5
C-220656 UBR38 39.8 22.4 3130 622 1.2 3000 6.9 28.6
C-220657 UBR39 40.2 23.8 3470 701 1.2 2970 7.4 28
C-220658 UBR40 39.4 23.9 3590 661 1 2900 7.8 28.4
C-220659 UBR41 39.7 23.4 3250 713 1.1 2950 8.4 27.3
C-220660 UBR42 39.6 23.5 3220 786 1.2 3010 8.2 27
C-220661 UBR43 37.1 21.2 3020 601 1 3180 7.1 24.6
C-220662 UBR44 37.1 21.1 2890 562 0.8 3280 7.6 21.9
C-220663 UBR45 37 20.4 2910 585 0.71 3280 7.5 21.2
C-220664 UBR46 38.4 20.8 3060 633 1 3150 7.6 23.6
C-220665 UBR47 38.3 20.4 3030 636 0.92 3220 7.4 22.2
C-220666 UBR48 37 20.6 2880 583 0.76 3310 7.6 21.4
C-220667 UBR49 37.5 20.2 2900 540 0.74 3350 7.5 21.4
C-220668 UBR50 35.4 19.7 3160 518 0.68 3170 9 20.2
C-220669 UBR51 35.9 21.3 3110 590 1.2 3050 13 22.2
C-220670 UBR52 36.3 22.2 3260 616 1.3 3080 14 24.3
C-220671 UBR53 36.2 20.8 3210 654 1.4 3180 13 23
C-220672 UBR54 35.6 20.4 2690 588 1.3 3430 12 21.6
C-220673 UBR55 35.6 19.7 2520 541 1.1 3470 15 20.7
C-220674 UBR56 36.2 19.2 2610 489 1.1 3400 14 19.6
C-220675 UBR57 35.8 20 2770 565 1.3 3320 14 21.2
C-220676 UBR58 37.8 20.8 2470 661 1.3 3480 14 22.7
C-220677 UBR59 37.5 21.4 2590 821 1.3 3430 14 23.3
C-220678 UBR60 41.1 23.3 3020 994 1.2 3240 15 24.7








ICPMS_ACID ICPMS_ACID ICPMS_ACID ICPMS_ACID ICPMS_ACID ICPMS_ACID ICPMS_ACID
Lab No. Field No. P Pb Rb Sb Sc Sr Th
ppm ppm ppm ppm ppm ppm ppm
C-220619 UBR1 530 51.7 56.7 0.67 8 49.2 10.1
C-220620 UBR2 430 44.9 51.7 0.56 6.9 49.2 9
C-220621 UBR3 400 41.4 49.2 0.52 6.2 48.2 8.6
C-220622 UBR4 420 43.9 51.1 0.55 6.9 49.9 9.4
C-220623 UBR5 480 45.3 52.8 0.56 7.4 50.9 9.5
C-220624 UBR6 460 46.2 53.5 0.58 7.3 51.5 9.7
C-220625 UBR7 460 45.3 53 0.57 7.4 51.3 9.4
C-220626 UBR8 440 44.3 52.6 0.52 7.1 49.7 9.2
C-220627 UBR9 450 44 51.4 0.53 7 48.1 9.4
C-220628 UBR10 470 44.8 51.5 0.59 7.4 46 9.5
C-220629 UBR11 500 44.8 52.8 0.64 7.5 46.1 9.6
C-220630 UBR12 540 46.4 53.9 0.64 8 47.1 10
C-220631 UBR13 500 46 53.7 0.6 7.6 49.1 9.6
C-220632 UBR14 470 48.2 53.9 0.6 7.6 50 9.5
C-220633 UBR15 480 49.4 54.3 0.6 7.4 50.1 9.5
C-220634 UBR16 470 49.5 52.9 0.6 7.3 49.7 9.7
C-220635 UBR17 480 48.3 52.6 0.64 7.2 50.2 9.7
C-220636 UBR18 440 47.2 51.9 0.54 7.1 48.6 9.2
C-220637 UBR19 460 50 52.3 0.56 7.2 47.4 9.2
C-220638 UBR20 530 55.5 54.5 0.6 7.8 49.1 9.8
C-220639 UBR21 490 54.4 53.6 0.67 7.9 47.7 9.4
C-220640 UBR22 430 47.5 49.8 0.54 6.6 45.9 8.9
C-220641 UBR23 420 46.9 49.9 0.57 6.7 46.9 8.9
C-220642 UBR24 410 47.6 49.9 0.58 6.4 48 8.7
C-220643 UBR25 420 46.9 49.2 0.55 6.7 47.5 8.9
C-220644 UBR26 420 45.6 50.2 0.54 6.9 46.2 9.4
C-220645 UBR27 410 45.6 49.4 0.57 6.6 48.2 9
C-220646 UBR28 410 44.7 49.2 0.57 6.6 47.9 9
C-220647 UBR29 400 44.3 49.4 0.56 6.5 47.3 9
C-220648 UBR30 440 48.4 51.7 0.57 7 48.7 9.4
C-220649 UBR31 420 47.6 50.9 0.59 6.7 47.9 9.3
C-220650 UBR32 450 48.9 52.9 0.59 7.2 48.6 9.3
C-220651 UBR33 440 50.5 52.1 0.6 7 48.8 9.4
C-220652 UBR34 410 49.7 51.8 0.58 6.9 50.8 9
C-220653 UBR35 470 53.4 53.7 0.57 7.3 49.3 9.4
C-220654 UBR36 440 50.2 49.4 0.52 6.4 45 8.9
C-220655 UBR37 490 54.2 55.3 0.61 7.6 48.7 9.9
C-220656 UBR38 500 55.2 56.4 0.61 7.9 50.1 10
C-220657 UBR39 510 55.3 57.7 0.62 8.2 48.8 10.2
C-220658 UBR40 500 55.7 57.3 0.67 8.2 48.3 10
C-220659 UBR41 510 55 58.3 0.63 8.1 48.3 10.1
C-220660 UBR42 510 54.5 58.3 0.62 8 49.5 10.1
C-220661 UBR43 460 50.9 55.1 0.57 7.5 49 9.3
C-220662 UBR44 430 49.8 53.5 0.57 7.1 49.2 9.4
C-220663 UBR45 430 47.4 53.2 0.61 7.1 49.9 9.2
C-220664 UBR46 450 47.9 55.2 0.56 7.3 49.8 9.5
C-220665 UBR47 440 45.2 53.5 0.57 7 49.7 9.5
C-220666 UBR48 420 43.5 52.5 0.55 6.8 49.8 9.3
C-220667 UBR49 410 43.7 52.1 0.57 6.9 49.7 9.3
C-220668 UBR50 400 41.9 48.8 0.62 6.7 47.1 9
C-220669 UBR51 440 43.6 53.8 0.67 7.2 53.6 9.1
C-220670 UBR52 460 45.2 56.7 0.71 7.8 55.4 9.3
C-220671 UBR53 420 40.2 54.4 0.67 7 55.2 9.1
C-220672 UBR54 390 37.9 55 0.67 7 57.4 9.1
C-220673 UBR55 370 35.9 53.2 0.65 6.6 56.6 8.8
C-220674 UBR56 370 35.9 52.5 0.63 6.5 56.2 9.1
C-220675 UBR57 390 35.7 54 0.67 6.8 56.5 8.9
C-220676 UBR58 390 36.4 56 0.69 7.3 58.3 9.4
C-220677 UBR59 420 36.9 57.7 0.68 7.5 57.8 9.3
C-220678 UBR60 450 40.8 61.9 0.72 8.4 58.4 10.2
C-220679 UBR61 420 42.9 57.5 0.71 7.6 56.1 9.4  
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Lab No. Field No. Ti Tl U V Y Zn
ppm ppm ppm ppm ppm ppm
C-220619 UBR1 4100 0.53 2.8 63.5 37.4 91.4
C-220620 UBR2 4000 0.5 2.3 52.2 33.4 77
C-220621 UBR3 4000 0.4 2.2 48.3 35.4 72.8
C-220622 UBR4 4100 0.5 2.4 51.2 33.7 76.2
C-220623 UBR5 4100 0.5 2.5 54.9 34.8 81.3
C-220624 UBR6 4100 0.5 2.6 55.4 35.3 82.5
C-220625 UBR7 4100 0.5 2.4 54.8 34.7 79.4
C-220626 UBR8 4000 0.5 2.3 53.6 34.2 79
C-220627 UBR9 4100 0.5 2.5 53.6 38.4 78.4
C-220628 UBR10 4100 0.51 2.7 55.3 35.1 79.9
C-220629 UBR11 4100 0.52 2.8 58.2 36.4 82
C-220630 UBR12 4100 0.55 2.9 61.2 37.7 84.6
C-220631 UBR13 4100 0.53 2.6 57.1 35.8 84.5
C-220632 UBR14 4100 0.5 2.5 56.5 35.7 86.7
C-220633 UBR15 4100 0.51 2.5 56.1 35.7 89.8
C-220634 UBR16 4100 0.51 2.6 56.1 34.5 86.4
C-220635 UBR17 4100 0.5 2.6 54.4 35.2 83.5
C-220636 UBR18 4000 0.5 2.5 53.2 34.2 82.1
C-220637 UBR19 4000 0.5 2.5 54.7 34.6 86.5
C-220638 UBR20 4100 0.53 2.7 58 36.5 94.8
C-220639 UBR21 4100 0.54 2.7 57.9 38 91.3
C-220640 UBR22 4000 0.5 2.3 52 33.3 79.4
C-220641 UBR23 4000 0.5 2.3 50.1 33.7 76.6
C-220642 UBR24 4000 0.5 2.4 48.4 33.4 74.1
C-220643 UBR25 4000 0.5 2.4 51.3 34.5 75.8
C-220644 UBR26 4100 0.5 2.5 53.4 34.6 73.7
C-220645 UBR27 4100 0.4 2.4 50 34.3 71.2
C-220646 UBR28 4100 0.4 2.4 49.6 33.7 69
C-220647 UBR29 4000 0.5 2.4 50.1 33.1 70.4
C-220648 UBR30 4100 0.5 2.5 52.1 35.2 77.1
C-220649 UBR31 4100 0.5 2.4 51.3 33 74.2
C-220650 UBR32 4000 0.5 2.4 53.8 34.2 77.5
C-220651 UBR33 4000 0.5 2.3 50.9 34.5 77.8
C-220652 UBR34 4000 0.5 2.3 51.6 33.8 73.5
C-220653 UBR35 4000 0.5 2.3 54.9 34.7 79.2
C-220654 UBR36 4000 0.5 2.2 51.1 32.5 74.2
C-220655 UBR37 4000 0.53 2.4 58.1 36.8 86.4
C-220656 UBR38 4000 0.54 2.4 59.7 37.1 85.8
C-220657 UBR39 4100 0.54 2.4 61.6 37 87.9
C-220658 UBR40 4100 0.56 2.5 59.5 37.5 87.2
C-220659 UBR41 4100 0.56 2.4 61.8 36.7 85.3
C-220660 UBR42 4100 0.55 2.4 60.4 36.4 85.5
C-220661 UBR43 4000 0.51 2.3 55.6 34.2 78.3
C-220662 UBR44 4100 0.5 2.4 53.3 33.8 73.4
C-220663 UBR45 4100 0.5 2.5 52.4 33.7 71.8
C-220664 UBR46 4100 0.5 2.4 55.4 35.1 75.2
C-220665 UBR47 4100 0.5 2.5 50.9 34.6 71.2
C-220666 UBR48 4100 0.5 2.4 51.3 33.4 68.6
C-220667 UBR49 4100 0.5 2.4 51.5 33.7 69.6
C-220668 UBR50 4100 0.4 2.6 49 33.5 66.6
C-220669 UBR51 3200 0.5 2.4 54.9 34.4 76.9
C-220670 UBR52 3400 0.52 2.6 58.2 36.6 81.6
C-220671 UBR53 3200 0.5 2.6 53.8 35.8 74
C-220672 UBR54 3300 0.5 2.5 52.5 34.9 71.6
C-220673 UBR55 3100 0.5 2.4 50.1 34.1 68
C-220674 UBR56 3100 0.5 2.4 49.7 32.6 67.9
C-220675 UBR57 3200 0.5 2.6 52 34.2 70.9
C-220676 UBR58 3400 0.5 2.5 53.1 35.6 72.7
C-220677 UBR59 3100 0.51 2.5 54.8 36.3 75.5
C-220678 UBR60 3300 0.56 2.5 61.9 39.5 84
C-220679 UBR61 3200 0.52 2.5 58.2 36.1 80.9  
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Lab No. Field No. Ag Al As Ba Be Bi Ca Cd
ppm ppm ppm ppm ppm ppm ppm ppm
C-220706 LBRA1 0.12 61400 13 428 2.9 0.25 3920 0.62
C-220707 LBRA2 0.12 62900 11 419 2.7 0.27 3320 0.63
C-220708 LBRA3 0.06 64100 12 412 2.7 0.27 2870 0.58
C-220709 LBRA4 <0.02 58800 10 422 2.3 0.25 2820 0.6
C-220710 LBRA5 0.05 59200 10 417 2.6 0.25 2840 0.6
C-220711 LBRA6 0.08 58800 11 421 2.2 0.25 2870 0.58
C-220712 LBRA7 0.04 57600 9.4 409 2.4 0.24 2940 0.6
C-220713 LBRA8 0.1 58300 9.9 417 2.4 0.24 3100 0.6
C-220714 LBRA9 0.1 60100 10 412 2.5 0.25 3030 0.62
C-220715 LBRA10 0.04 58000 9.6 408 2.5 0.24 3010 0.59
C-220716 LBRA11 0.09 59300 9.8 410 2.4 0.25 3110 0.62
C-220717 LBRA12 0.02 58800 9.7 409 2.5 0.24 3010 0.61
C-220718 LBRA13 0.02 60200 9.7 407 2.5 0.25 3120 0.62
C-220719 LBRA14 <0.02 60300 9.9 411 2.7 0.25 3160 0.61
C-220720 LBRA15 0.02 60000 9.8 404 2.3 0.25 3120 0.62
C-220721 LBRA16 0.04 58700 9.9 404 2.6 0.25 3060 0.6
C-220722 LBRA17 0.03 59200 9.6 405 2.5 0.24 3090 0.6
C-220723 LBRA18 <0.02 58600 9.6 412 2.4 0.23 3040 0.58
C-220724 LBRA19 0.02 58700 9.7 405 2.3 0.24 3030 0.57
C-220725 LBRA20 0.02 58100 9.4 411 2.3 0.24 3060 0.59
C-220726 LBRA21 0.09 60300 10 412 2.4 0.24 3100 0.61
C-220727 LBRA22 0.05 58200 9.8 413 2.5 0.23 3000 0.57
C-220728 LBRA23 0.52 55900 9.9 420 2.5 0.28 2880 0.59
C-220729 LBRA24 0.46 56200 10 422 2.5 0.27 2950 0.59
C-220730 LBRA25 0.5 58700 9.6 423 2.5 0.28 2960 0.61
C-220731 LBRA26 0.5 57500 9.6 426 2.5 0.28 2940 0.61
C-220732 LBRA27 0.46 57500 9.4 428 2.3 0.28 2890 0.61
C-220733 LBRA28 0.48 57400 9.6 430 2.7 0.27 2900 0.6
C-220734 LBRA29 0.48 57500 9.4 415 2.6 0.28 2880 0.62
C-220735 LBRA30 0.46 58100 9.5 425 2.6 0.28 2860 0.62
C-220736 LBRA31 0.5 58800 9.1 424 2.5 0.27 2890 0.61
C-220737 LBRA32 0.47 58600 9.7 429 2.6 0.28 2900 0.62
C-220738 LBRA33 0.48 58800 9.6 420 2.6 0.27 2820 0.62
C-220739 LBRA34 0.49 57500 9 421 2.6 0.27 2840 0.6
C-220740 LBRA35 0.51 57700 9.2 422 2.5 0.27 2780 0.6
C-220741 LBRA36 0.5 57600 9.3 425 2.5 0.27 2840 0.59
C-220742 LBRA37 0.5 59400 9.4 426 2.6 0.28 2840 0.6
C-220743 LBRA38 0.5 58500 9.6 428 2.5 0.27 2810 0.58
C-220744 LBRA39 0.51 57600 9.1 425 2.4 0.27 2750 0.58
C-220745 LBRA40 0.5 57000 9.1 428 2.4 0.27 2740 0.58
C-220746 LBRA41 0.55 57500 8.8 414 2.5 0.28 2700 0.58
C-220747 LBRA42 0.51 57900 9.3 419 2.3 0.28 2720 0.57
C-220748 LBRA43 0.44 45200 6.6 367 1.8 0.2 2270 0.36
C-220749 LBRA44 0.5 55600 9.1 420 2.5 0.27 2710 0.57
C-220750 LBRA45 0.49 53400 9.9 408 2.3 0.26 2780 0.54
C-220751 LBRA46 0.48 52800 9.3 417 2.3 0.26 2830 0.56
C-220752 LBRA47 0.5 54200 8.4 413 2.4 0.25 2790 0.56
C-220753 LBRA48 0.51 54000 9.1 422 2.3 0.26 2740 0.54
C-220754 LBRA49 0.52 54300 9.2 418 2.2 0.26 2770 0.5
C-220755 LBRA50 0.53 54700 8.5 431 2.4 0.26 2760 0.53
C-220702 LBRA51 1.1 56900 9.4 437 2.4 0.24 2970 0.55
C-220703 LBRA52 1 56100 9.4 430 2.4 0.24 2940 0.54
C-220704 LBRA53 0.95 57600 9.5 431 2.4 0.25 2940 0.53
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Lab No. Field No. Ce Co Cr Cs Cu Fe Ga K
ppm ppm ppm ppm ppm ppm ppm ppm
C-220706 LBRA1 93.3 32.5 55.8 4.4 39.9 33000 14 14000
C-220707 LBRA2 94.8 32.6 57.3 4.4 42.7 30000 14 14100
C-220708 LBRA3 94.6 34.7 51.8 4.5 40.1 31000 14 14200
C-220709 LBRA4 93.2 30.4 55.1 4 37.2 29000 13 14200
C-220710 LBRA5 93.3 30.5 52.1 4 36.5 29000 13 14200
C-220711 LBRA6 93.3 30.7 50.1 4 36.5 30000 13 14200
C-220712 LBRA7 93.3 29.2 52 3.9 35.8 28000 12 14200
C-220713 LBRA8 93.2 29.1 62.6 3.9 36.4 29000 12 14500
C-220714 LBRA9 94.8 30.2 54.4 4 37.6 30000 13 14600
C-220715 LBRA10 94.6 29.5 49.3 3.9 37.4 29000 12 14200
C-220716 LBRA11 94.6 30 57.4 4 37.3 29000 12 14500
C-220717 LBRA12 93.8 30 56.8 3.9 35.4 28000 12 14300
C-220718 LBRA13 94.7 30.6 50.1 4 37.5 29000 13 14500
C-220719 LBRA14 96.8 31 48.2 4 37 30000 13 14700
C-220720 LBRA15 94.8 31 54.9 4 36.6 29000 13 14500
C-220721 LBRA16 94.5 30.9 56.9 3.9 35.7 29000 12 14200
C-220722 LBRA17 93 30.8 47.4 3.9 36.4 28000 12 14500
C-220723 LBRA18 92.6 29.3 47.1 3.8 35.9 28000 12 14800
C-220724 LBRA19 95.5 31.9 49.8 3.8 35.7 28000 12 14700
C-220725 LBRA20 93.8 30.9 49.1 3.8 35.6 28000 12 14600
C-220726 LBRA21 95.2 31 55.2 4 36.7 29000 13 14500
C-220727 LBRA22 92.6 30.1 49.6 3.8 35.5 28000 12 14500
C-220728 LBRA23 93.2 29.8 48.1 4 35.4 27000 12 13600
C-220729 LBRA24 93.4 29.3 48 4 34.8 28000 12 13500
C-220730 LBRA25 96.7 30 52.6 4.2 35.2 28000 13 13800
C-220731 LBRA26 94.1 29.3 53 4.2 35 28000 13 13700
C-220732 LBRA27 95.8 29.9 51.6 4.1 35.3 28000 13 13700
C-220733 LBRA28 95.4 29.3 50.6 4.1 35 28000 13 13600
C-220734 LBRA29 97.2 28.8 52.1 4.1 35.1 28000 13 13500
C-220735 LBRA30 96.3 29.5 55.2 4.2 34.9 29000 13 13700
C-220736 LBRA31 92.3 29.7 55.7 4.2 35 28000 13 13900
C-220737 LBRA32 92 29.6 54.6 4.2 34.8 29000 13 14000
C-220738 LBRA33 91.3 29.6 53.2 4.2 35.6 28000 13 13800
C-220739 LBRA34 93 29.1 52.9 4.2 35.4 27000 13 13900
C-220740 LBRA35 91.3 29 53.4 4.2 35.2 27000 13 13700
C-220741 LBRA36 90.8 29.4 56.8 4.3 34.6 28000 13 13700
C-220742 LBRA37 91.9 30.4 52.9 4.4 35.1 29000 13 13700
C-220743 LBRA38 90.8 29.2 52.3 4.3 34.6 28000 13 13500
C-220744 LBRA39 91.5 28.3 53.4 4.2 33.3 28000 13 13600
C-220745 LBRA40 91.2 28 54.6 4.1 33.3 27000 12 13500
C-220746 LBRA41 89.7 28 51.3 4.2 33.3 28000 13 13300
C-220747 LBRA42 90.9 28.6 52.2 4.2 34 28000 13 13500
C-220748 LBRA43 79.1 21.3 53.9 3.2 25.1 20000 9.7 10300
C-220749 LBRA44 91.4 28 53.7 4 32.4 26000 12 13300
C-220750 LBRA45 81.2 29.8 50.5 3.8 31.8 25000 12 13000
C-220751 LBRA46 81.8 27 50.8 3.6 31 24000 12 13400
C-220752 LBRA47 89.4 25.5 52.1 3.8 33 24000 12 13700
C-220753 LBRA48 91.5 25.5 53.4 3.8 32.8 25000 12 13700
C-220754 LBRA49 90.6 26.3 51.3 3.8 31.6 25000 12 13700
C-220755 LBRA50 91.1 25.2 51.5 3.9 31.8 26000 12 14200
C-220702 LBRA51 91.2 26.4 50.2 4 35.4 27000 13 14400
C-220703 LBRA52 91.6 25.9 49.5 3.9 33.6 26000 13 14400
C-220704 LBRA53 93.7 27.3 53 4.1 33.6 26000 13 14600
C-220705 LBRA54 91 25.3 50.5 4.1 33.4 25000 13 14400  
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Lab No. Field No. La Li Mg Mn Mo Na Nb Ni
ppm ppm ppm ppm ppm ppm ppm ppm
C-220706 LBRA1 46.3 32.2 4380 2250 1.4 2280 18 38.7
C-220707 LBRA2 45.6 33.1 4280 970 1.7 2330 18 40.3
C-220708 LBRA3 46.5 33.4 4150 904 2 2200 16 42.2
C-220709 LBRA4 45.6 30.6 3740 975 2.3 2550 15 40.5
C-220710 LBRA5 45.8 30.2 3700 1060 1.6 2580 17 37.9
C-220711 LBRA6 45.5 30.7 3710 1100 1.5 2530 18 36.6
C-220712 LBRA7 45.3 29.7 3610 1120 1.8 2600 16 37.1
C-220713 LBRA8 45.8 29.4 3670 1140 2.5 2670 18 40.1
C-220714 LBRA9 46.6 30.4 3780 1110 1.4 2660 18 36.8
C-220715 LBRA10 46 30 3680 1100 1.4 2590 16 35
C-220716 LBRA11 46.4 30.7 3720 1080 1.9 2580 18 38.1
C-220717 LBRA12 45.5 30.2 3740 1080 2 2610 16 38
C-220718 LBRA13 46.1 30.5 3810 1060 1.4 2550 16 36.5
C-220719 LBRA14 47.3 30.6 3850 1030 1.4 2600 14 36.7
C-220720 LBRA15 45.4 30.5 3780 952 1.6 2550 15 37.8
C-220721 LBRA16 45.9 30.7 3760 934 1.8 2550 18 39.1
C-220722 LBRA17 45.3 30.4 3660 908 1.4 2590 15 36.4
C-220723 LBRA18 44.8 29.8 3670 880 1.3 2710 15 35.5
C-220724 LBRA19 45.6 30.1 3670 954 1.7 2640 16 37
C-220725 LBRA20 45 29.6 3600 951 2.1 2590 15 38.8
C-220726 LBRA21 45.7 30.9 3710 951 1.4 2690 18 36.7
C-220727 LBRA22 44.6 29.7 3610 940 1.4 2740 16 35.8
C-220728 LBRA23 44.4 30.2 3560 938 1.8 2430 15 35.3
C-220729 LBRA24 45.1 30.6 3670 998 2 2440 15 35.5
C-220730 LBRA25 45.6 31.6 3780 1090 1.5 2440 17 35.3
C-220731 LBRA26 45.2 31.4 3750 1080 1.5 2480 17 34.1
C-220732 LBRA27 45.7 31.2 3710 981 2 2420 15 36.8
C-220733 LBRA28 45.5 31.1 3690 1030 1.9 2480 16 36.1
C-220734 LBRA29 46.4 31.9 3750 991 1.4 2460 16 34.3
C-220735 LBRA30 45.6 31.7 3700 1020 1.5 2430 16 34.8
C-220736 LBRA31 43.7 31.9 3730 996 1.8 2470 18 36.1
C-220737 LBRA32 43.3 31.6 3680 997 1.7 2430 17 35.7
C-220738 LBRA33 43.1 31.6 3650 940 1.5 2380 18 34
C-220739 LBRA34 43.7 32 3610 936 1.4 2460 19 33.5
C-220740 LBRA35 43.3 31.6 3630 936 1.6 2420 18 34.7
C-220741 LBRA36 42.7 31.8 3690 973 1.9 2420 18 36.1
C-220742 LBRA37 43.1 32.2 3710 1030 1.6 2290 19 34.8
C-220743 LBRA38 42.8 31.8 3650 1030 1.6 2330 18 33.8
C-220744 LBRA39 43.4 31.3 3560 972 1.6 2390 19 33.5
C-220745 LBRA40 43.3 31.1 3560 945 1.8 2400 18 33.4
C-220746 LBRA41 42 31.8 3600 975 1.6 2330 20 32.2
C-220747 LBRA42 42.6 31.7 3600 1010 1.5 2340 19 32.7
C-220748 LBRA43 36.6 25.3 2570 781 2.5 2140 16 29.4
C-220749 LBRA44 42.7 30 3410 953 1.9 2420 18 32.5
C-220750 LBRA45 41 28.7 3300 951 1.6 2440 19 29.7
C-220751 LBRA46 40.8 27.9 3240 944 1.5 2560 18 29.2
C-220752 LBRA47 42.6 28.6 3340 946 1.7 2560 18 30.8
C-220753 LBRA48 43.4 28.8 3320 982 1.7 2590 19 30.9
C-220754 LBRA49 42.8 28.3 3360 1030 1.4 2600 19 29.4
C-220755 LBRA50 43.6 28.7 3300 963 1.5 2640 21 30.6
C-220702 LBRA51 45 29.2 3680 1030 1.4 2690 18 31.7
C-220703 LBRA52 45.4 29.2 3630 979 1.4 2760 18 30.4
C-220704 LBRA53 46.3 29.3 3650 917 1.5 2690 16 31.5
C-220705 LBRA54 44.6 29.2 3820 824 1.4 2640 16 32.1  
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Lab No. Field No. P Pb Rb Sb Sc Sr Th
ppm ppm ppm ppm ppm ppm ppm
C-220706 LBRA1 780 69.7 72.4 0.82 11.2 50.5 11.5
C-220707 LBRA2 730 71.6 73.1 0.84 11.2 50.8 11.4
C-220708 LBRA3 750 74 74.1 0.92 11.6 48.7 11.5
C-220709 LBRA4 680 65.2 68.7 0.71 10.5 50.7 11.2
C-220710 LBRA5 690 64.8 69.1 0.74 10.4 50.8 11.3
C-220711 LBRA6 700 65.9 68.6 0.76 10.5 50.4 11.3
C-220712 LBRA7 640 63.8 67.4 0.73 10.3 50.6 11.1
C-220713 LBRA8 650 62.9 68.4 0.76 10.4 51.3 11.2
C-220714 LBRA9 670 64.4 69.8 0.74 10.6 51.6 11.2
C-220715 LBRA10 650 63.4 68.1 0.71 10.3 50.8 11.2
C-220716 LBRA11 670 64 68.9 0.74 10.6 50.7 11.3
C-220717 LBRA12 640 63.3 68.1 0.7 10.4 49.9 11.1
C-220718 LBRA13 650 64.8 69.7 0.64 10.8 50.4 11.2
C-220719 LBRA14 660 65.7 70.3 0.66 10.7 51 11.4
C-220720 LBRA15 650 65.6 69.2 0.76 10.7 50.4 11.1
C-220721 LBRA16 640 66.5 67.8 0.76 10.5 49.7 11.3
C-220722 LBRA17 640 65.5 68.4 0.73 10.5 50.8 11.1
C-220723 LBRA18 650 65.5 67.6 0.79 10.6 50.9 11
C-220724 LBRA19 650 66.5 68 0.76 10.5 50.2 11.2
C-220725 LBRA20 630 65.4 67.4 0.68 10.5 51.5 11
C-220726 LBRA21 720 67.4 69.2 0.8 10.8 50.5 11.3
C-220727 LBRA22 680 65.3 67.1 0.77 10.3 49.7 10.9
C-220728 LBRA23 630 66.4 69.2 0.75 10.4 49.4 11
C-220729 LBRA24 620 66.4 68.8 0.72 10.4 49.2 11
C-220730 LBRA25 630 67.6 70.7 0.8 10.8 49.2 11.5
C-220731 LBRA26 610 66.7 70.8 0.76 10.6 49.5 11.4
C-220732 LBRA27 600 66.8 70.8 0.72 10.7 49.9 11.3
C-220733 LBRA28 580 66.4 69.5 0.73 10.5 49.6 11.4
C-220734 LBRA29 590 67.4 69.4 0.79 10.5 49.1 11.4
C-220735 LBRA30 590 67 70.6 0.76 10.7 50.1 11.6
C-220736 LBRA31 610 66.2 71.3 0.8 10.7 49.2 11.1
C-220737 LBRA32 600 66.4 70.8 0.8 10.6 49.2 11.1
C-220738 LBRA33 600 66.4 70.7 0.83 10.7 49 11.1
C-220739 LBRA34 580 66.4 69.9 0.83 10.5 49.6 11.4
C-220740 LBRA35 580 66.6 71 0.84 10.4 49.1 11.1
C-220741 LBRA36 580 65.8 71.6 0.83 10.6 49.5 11.1
C-220742 LBRA37 590 67.3 73.1 0.87 10.7 49 11.2
C-220743 LBRA38 580 66.3 71.8 0.81 10.6 48.9 11
C-220744 LBRA39 570 64.7 71.4 0.84 10.4 49.7 11.2
C-220745 LBRA40 550 64.8 70.2 0.82 10.3 49.2 11.2
C-220746 LBRA41 570 65.5 70.2 0.84 10.5 47.6 11
C-220747 LBRA42 580 64.8 71.1 0.86 10.5 48.3 11.1
C-220748 LBRA43 470 45.1 54.9 0.63 7.7 40.1 9.5
C-220749 LBRA44 540 62.2 68.6 0.8 10 48.3 10.8
C-220750 LBRA45 520 59.2 65.7 0.79 9.6 47.5 10.4
C-220751 LBRA46 510 56.8 65.6 0.81 9.5 49.2 10.5
C-220752 LBRA47 520 55.9 67.2 0.79 9.7 49.3 10.6
C-220753 LBRA48 530 54 67.3 0.79 9.6 49.5 10.6
C-220754 LBRA49 510 51.1 67.3 0.82 9.6 49.2 10.9
C-220755 LBRA50 520 48.2 69 0.84 9.6 50.8 10.7
C-220702 LBRA51 550 47.2 73.1 0.85 10.4 57.7 11.2
C-220703 LBRA52 550 43.9 72 0.83 10.3 57.2 11.2
C-220704 LBRA53 550 43.2 73.3 0.81 10.6 56.5 11.2
C-220705 LBRA54 540 48.3 72.6 0.8 10.4 56.1 11.1  
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Lab No. Field No. Ti Tl U V Y Zn
ppm ppm ppm ppm ppm ppm
C-220706 LBRA1 3700 0.7 2.7 86.7 43.4 129
C-220707 LBRA2 3700 0.72 2.8 87.4 43.5 132
C-220708 LBRA3 3400 0.73 2.9 90.6 43.7 133
C-220709 LBRA4 3300 0.68 2.8 81.3 42.5 120
C-220710 LBRA5 3400 0.68 2.6 80.9 42.2 120
C-220711 LBRA6 3600 0.67 2.8 80.9 42.1 120
C-220712 LBRA7 3500 0.66 2.8 79.4 41.5 118
C-220713 LBRA8 3500 0.67 2.6 79.4 41.6 117
C-220714 LBRA9 3600 0.68 2.6 81.5 42.3 121
C-220715 LBRA10 3600 0.68 2.6 79.2 41.7 118
C-220716 LBRA11 3600 0.67 2.7 81 42.3 120
C-220717 LBRA12 3400 0.67 2.5 80.6 41.3 117
C-220718 LBRA13 3400 0.68 2.6 82 42.4 122
C-220719 LBRA14 3400 0.69 2.6 82.6 42.4 121
C-220720 LBRA15 3400 0.67 2.6 83.6 42.1 122
C-220721 LBRA16 3400 0.68 2.6 81.9 41.7 120
C-220722 LBRA17 3500 0.66 2.7 80.7 41.6 121
C-220723 LBRA18 3500 0.67 2.7 80.6 41.1 119
C-220724 LBRA19 3800 0.67 2.8 81.2 41.4 118
C-220725 LBRA20 3500 0.67 2.7 80.6 41.5 116
C-220726 LBRA21 3500 0.7 2.7 82.3 42.5 120
C-220727 LBRA22 3200 0.67 2.7 80 41.6 116
C-220728 LBRA23 3300 0.69 2.8 79.1 41.4 113
C-220729 LBRA24 3200 0.68 2.8 79.4 41.6 113
C-220730 LBRA25 3400 0.7 2.8 81.3 42.2 116
C-220731 LBRA26 3400 0.69 2.7 80.8 41.7 114
C-220732 LBRA27 3500 0.71 2.8 81.3 42.2 116
C-220733 LBRA28 3500 0.7 2.8 79 41.7 113
C-220734 LBRA29 3600 0.7 2.8 80.3 41.9 114
C-220735 LBRA30 3700 0.71 2.8 81.8 42.3 116
C-220736 LBRA31 3400 0.69 2.6 82.6 41.6 117
C-220737 LBRA32 3200 0.69 2.6 80.6 40.8 114
C-220738 LBRA33 3400 0.69 2.7 82 41.2 115
C-220739 LBRA34 3400 0.7 2.7 82.1 41.5 112
C-220740 LBRA35 3700 0.7 2.8 81.2 41.3 112
C-220741 LBRA36 3300 0.69 2.7 82 40.9 111
C-220742 LBRA37 3500 0.71 2.8 83.8 41.8 115
C-220743 LBRA38 3400 0.7 2.8 83.4 41.2 112
C-220744 LBRA39 3500 0.7 2.8 80.7 41.1 109
C-220745 LBRA40 3500 0.7 2.8 79.7 40.2 107
C-220746 LBRA41 3600 0.69 2.7 80.9 40.6 110
C-220747 LBRA42 3700 0.69 2.7 80.6 40.6 111
C-220748 LBRA43 3100 0.57 2.3 62.9 30.6 69.5
C-220749 LBRA44 3400 0.67 2.6 76.5 39.1 104
C-220750 LBRA45 3400 0.65 2.6 73.4 38.6 99.9
C-220751 LBRA46 3400 0.63 2.6 71.8 38.5 99.2
C-220752 LBRA47 3800 0.64 2.6 74 39.4 101
C-220753 LBRA48 3500 0.65 2.7 73.6 39.7 99.6
C-220754 LBRA49 4000 0.65 2.7 73.1 39.3 96.4
C-220755 LBRA50 3800 0.64 2.7 74.6 40.2 97
C-220702 LBRA51 3900 0.68 2.8 79 46.6 105
C-220703 LBRA52 3800 0.68 2.8 77.2 48.9 102
C-220704 LBRA53 3700 0.7 2.8 78.3 45.5 102
C-220705 LBRA54 3400 0.7 2.7 79.2 44.5 106  
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Lab No. Field No. Ag Al As Ba Be Bi Ca Cd
ppm ppm ppm ppm ppm ppm ppm ppm
C-220569 M1 0.81 63000 13 482 2.4 0.3 12000 0.82
C-220570 M2 0.66 65800 13 470 2.7 0.27 5850 0.68
C-220571 M3 0.58 67600 14 467 2.9 0.36 7380 0.38
C-220572 M4 0.48 67600 12 449 2.8 0.29 7460 1.7
C-220573 M5 0.46 69900 13 444 2.9 0.3 5050 0.71
C-220574 M6 0.65 73100 14 437 2.8 0.3 4180 0.67
C-220575 M7 0.62 70000 14 425 2.9 0.3 5980 0.65
C-220576 M8 0.57 68900 14 424 2.8 0.29 5180 0.7
C-220577 M9 0.52 67800 14 417 2.7 0.3 5470 0.61
C-220578 M10 0.49 67100 13 422 2.8 0.3 5330 0.77
C-220579 M11 0.5 66300 13 410 2.8 0.3 3420 0.62
C-220580 M12 0.47 67500 13 420 2.8 0.3 3570 0.65
C-220581 M13 0.47 67700 14 419 2.7 0.31 3500 0.67
C-220582 M14 0.47 69200 14 442 3 0.32 3490 0.66
C-220583 M15 0.45 69000 14 423 2.8 0.33 3330 0.66
C-220584 M16 0.43 71100 14 430 2.8 0.32 3280 0.65
C-220585 M17 0.46 72200 14 434 2.9 0.32 3230 0.68
C-220586 M18 0.44 71300 14 436 2.9 0.33 3350 0.64
C-220587 M19 0.45 71200 14 431 2.9 0.33 3220 0.63
C-220588 M20 0.54 70400 14 451 2.8 0.32 3180 0.63
C-220589 M21 0.46 71900 14 436 2.8 0.33 3080 0.63
C-220590 M22 0.45 69500 14 446 2.8 0.31 3070 0.64
C-220591 M23 0.45 68900 13 425 2.8 0.31 3010 0.64
C-220592 M24 0.44 69600 13 439 2.7 0.32 3060 0.64
C-220593 M25 0.43 68800 13 424 2.8 0.31 2940 0.56
C-220594 M26 0.53 62100 12 428 2.6 0.29 2910 0.58
C-220595 M27 0.51 63600 13 418 2.8 0.3 2890 0.61
C-220596 M28 0.48 63700 12 426 2.7 0.29 2960 0.59
C-220597 M29 0.5 66100 13 430 2.8 0.29 2900 0.47
C-220598 M30 0.5 65400 13 437 2.9 0.3 2980 0.58
C-220599 M31 0.48 65200 13 419 2.8 0.29 2900 0.6
C-220600 M32 0.49 67000 14 435 2.7 0.29 2960 0.61
C-220601 M33 0.49 68600 14 427 3 0.31 2970 0.4
C-220602 M34 0.48 69500 14 446 3 0.31 2900 0.61
C-220603 M35 0.48 69200 14 444 2.8 0.31 2790 0.58
C-220604 M36 0.48 70200 14 475 3.1 0.31 2820 0.6
C-220605 M37 0.5 71300 14 441 2.9 0.32 2850 0.53
C-220606 M38 0.48 70800 14 463 2.8 0.31 2890 0.54
C-220607 M39 0.44 70000 14 431 2.8 0.32 2870 0.54
C-220608 M40 0.46 69800 13 450 2.8 0.31 2840 0.52
C-220609 M41 0.47 69900 13 435 2.8 0.3 2790 0.44
C-220610 M42 0.49 70200 13 451 2.7 0.3 2770 0.52
C-220611 M43 0.48 68700 13 442 2.8 0.31 2620 0.51
C-220612 M44 0.49 69400 13 450 2.8 0.3 2860 0.54
C-220613 M45 0.42 67600 12 417 2.7 0.3 3040 0.62
C-220614 M46 0.46 61900 12 417 2.7 0.28 2910 0.54
C-220615 M47 0.48 62700 12 406 2.7 0.29 3000 0.59
C-220616 M48 0.42 61800 12 409 2.8 0.28 3020 0.57
C-220617 M49 0.51 65900 13 408 2.7 0.3 2900 0.59
C-220618 M50 0.49 66000 13 413 2.8 0.3 2880 0.6
C-220558 M51 1 66900 13 407 2.8 0.26 2920 0.62
C-220559 M52 0.87 66000 13 407 2.9 0.26 2900 0.62
C-220560 M53 0.95 66100 13 410 2.9 0.26 2850 0.63
C-220561 M54 1 68300 14 423 2.8 0.27 2910 0.62
C-220562 M55 0.88 64200 13 416 2.9 0.26 2760 0.59
C-220563 M56 0.9 61300 12 395 2.6 0.25 2840 0.58
C-220564 M57 0.96 65000 12 409 2.8 0.27 2940 0.61
C-220565 M58 0.99 66000 12 411 2.9 0.27 3040 0.63
C-220566 M59 0.96 66100 12 400 2.9 0.28 3080 0.64
C-220567 M60 1 70000 14 409 3 0.29 3130 0.67
C-220568 M61 0.99 72800 15 416 3.2 0.29 3180 0.63  
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Lab No. Field No. Ce Co Cr Cs Cu Fe Ga K
ppm ppm ppm ppm ppm ppm ppm ppm
C-220569 M1 96.7 28.9 53.6 4.6 42.8 30000 15 11700
C-220570 M2 105 33.5 55.1 5.5 41.2 35000 16 12100
C-220571 M3 114 33.8 65.3 5.6 72 39000 17 12300
C-220572 M4 109 33.1 62 5.7 47.9 35000 17 12200
C-220573 M5 111 34.6 72.1 6 46.3 37000 17 12200
C-220574 M6 104 34.3 64.6 5.6 43.8 36000 17 12700
C-220575 M7 104 33.4 73.1 5.5 42.8 36000 16 12300
C-220576 M8 104 34 59.4 5.4 40.6 35000 16 12400
C-220577 M9 103 32.1 57.2 5.3 41.2 35000 16 12200
C-220578 M10 105 32.1 57.4 5.2 39.6 35000 16 12200
C-220579 M11 103 31.3 60 5.2 37.9 34000 15 11900
C-220580 M12 101 32 57 5.3 38.3 35000 16 12000
C-220581 M13 98.7 32.8 55 5.2 40.1 35000 16 11900
C-220582 M14 103 32.5 56 5.2 41.5 36000 16 12100
C-220583 M15 104 33.7 60 5.3 40 36000 16 12300
C-220584 M16 104 35.2 60.8 5.5 42.6 36000 16 12400
C-220585 M17 105 36 58.9 5.6 42.8 37000 17 12500
C-220586 M18 106 35.2 59.7 5.6 40.7 36000 16 12600
C-220587 M19 106 35.5 61.9 5.6 40.8 36000 16 12600
C-220588 M20 101 35.8 58.9 5.4 40.3 36000 16 12600
C-220589 M21 103 35.2 59 5.5 41.6 36000 16 12500
C-220590 M22 99.4 33.5 56.8 5.4 41.2 35000 16 12600
C-220591 M23 99.1 32.8 59.2 5.3 39.2 35000 16 12200
C-220592 M24 99.2 33.1 62.8 5.4 39.3 35000 17 12400
C-220593 M25 98.3 31.8 56.6 5.3 39.4 35000 16 12100
C-220594 M26 99.1 28.8 49.8 5 36.1 32000 15 11700
C-220595 M27 96.8 29.4 51.6 5.1 36.6 32000 15 11800
C-220596 M28 98.2 29.3 54.1 5.1 36.3 32000 15 11700
C-220597 M29 95.4 30.4 52.7 5.2 40.2 33000 15 11900
C-220598 M30 100 30.5 52.8 5.2 36.9 33000 15 12000
C-220599 M31 97.3 30.2 53.5 5.2 37.7 33000 16 11900
C-220600 M32 103 31.7 56.2 5.2 38.9 34000 16 12200
C-220601 M33 104 32.4 56.1 5.3 40.4 33000 16 12300
C-220602 M34 106 32.1 57.5 5.4 39 34000 16 12700
C-220603 M35 108 33 56.3 5.6 39.8 34000 16 12900
C-220604 M36 112 32.2 59.2 5.5 41.2 34000 16 13300
C-220605 M37 109 31.2 63 5.7 41.6 34000 17 12800
C-220606 M38 104 31.5 56.1 5.4 38 33000 16 12200
C-220607 M39 106 32 56.7 5.4 38 34000 16 12200
C-220608 M40 105 28.6 56.4 5.2 36.2 32000 16 12200
C-220609 M41 104 29.2 57.3 5.3 38.6 33000 16 12400
C-220610 M42 108 29.1 55.8 5.4 37 32000 16 12400
C-220611 M43 106 29.8 56 5.3 37.1 33000 16 12400
C-220612 M44 106 29.2 58.2 5.3 37.2 33000 16 12500
C-220613 M45 103 28.2 58.3 5 38.2 33000 16 12400
C-220614 M46 101 26.6 53.3 4.7 35.1 30000 14 12100
C-220615 M47 101 26.6 57.5 4.8 36.4 31000 15 12100
C-220616 M48 97.5 27.1 53.8 4.6 34.9 30000 14 11900
C-220617 M49 101 27.3 57.7 4.9 37 32000 15 12100
C-220618 M50 103 27.4 55.9 5 36.1 32000 15 12300
C-220558 M51 85.1 29.8 61.1 5 40.3 33000 16 12300
C-220559 M52 87.2 29.2 60.6 5 38.9 33000 16 12300
C-220560 M53 84.1 30.5 57.1 5.1 38.6 33000 16 12200
C-220561 M54 88.5 30.8 59.5 5.3 40 34000 16 12600
C-220562 M55 85.8 30.2 57 5 50.8 32000 16 12200
C-220563 M56 82 28.5 54.6 4.7 36.6 30000 15 11600
C-220564 M57 89 29.2 57.6 5 38.2 32000 16 12400
C-220565 M58 89.6 29.2 59 5 38.6 31000 16 12700
C-220566 M59 90.1 28.2 60.9 5.1 38.5 31000 16 12400
C-220567 M60 91.1 31.6 66.8 5.4 42.8 35000 17 12500
C-220568 M61 91.1 36.1 66 5.8 45 37000 18 12500  
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Lab No. Field No. La Li Mg Mn Mo Na Nb Ni
ppm ppm ppm ppm ppm ppm ppm ppm
C-220569 M1 42.8 36.6 4780 1430 2.8 3590 11 40
C-220570 M2 44.7 39.1 4900 1350 2.2 1860 17 44.8
C-220571 M3 49 39.6 5690 1420 2.7 1920 19 51.2
C-220572 M4 46.3 39 4900 1490 2.4 1720 17 47.4
C-220573 M5 46.4 40.7 4770 1580 2.9 1350 18 53.5
C-220574 M6 45 41.8 5060 1740 2.5 2090 18 49.9
C-220575 M7 45.2 39.9 4800 1720 2.5 1500 17 53.8
C-220576 M8 44.8 38.3 4760 1960 2.2 1540 17 45.6
C-220577 M9 45 37.4 4680 1700 2 1450 17 44.1
C-220578 M10 44.9 37.1 4670 1700 2.2 1520 16 44.3
C-220579 M11 45.2 36.6 4510 1550 1.9 1410 17 43.9
C-220580 M12 43.3 36.7 4450 1620 2.2 1400 17 45.1
C-220581 M13 43 36.6 4350 1540 2 1390 17 43.9
C-220582 M14 43.8 37.2 4420 1520 2 1430 17 44.2
C-220583 M15 44.3 38 4490 1470 2.3 1380 18 47
C-220584 M16 44.8 38.6 4530 1460 2.3 1350 18 47.8
C-220585 M17 44.5 39.1 4520 1430 2.1 1330 18 47.1
C-220586 M18 45.6 39 4530 1380 2.2 1350 17 47.1
C-220587 M19 45.4 39 4470 1420 2.3 1340 18 48.1
C-220588 M20 44 38.3 4390 1530 2.2 1360 21 46.4
C-220589 M21 43.8 38.4 4360 1560 2.1 1330 18 46.2
C-220590 M22 42.2 37.8 4220 1460 2.2 1380 18 45.1
C-220591 M23 42 37.4 4140 1500 2.2 1320 17 45.8
C-220592 M24 42.1 37.9 4230 1670 2.4 1360 17 47.7
C-220593 M25 42.2 37.1 4110 1600 1.9 1330 17 43.8
C-220594 M26 42.5 37.5 4360 1270 1.8 1530 17 39.5
C-220595 M27 41.6 38 4390 1310 1.8 1470 17 40.4
C-220596 M28 41.6 37.7 4320 1280 1.9 1440 17 40.7
C-220597 M29 41.2 38.3 4360 1340 2 1400 18 41.3
C-220598 M30 43.2 38.2 4340 1380 1.8 1430 17 41.3
C-220599 M31 42.2 37.8 4260 1370 1.9 1380 18 41.1
C-220600 M32 44.8 37.5 4400 1640 2.2 1470 17 43
C-220601 M33 44.8 38.6 4410 1780 2 1410 17 43.3
C-220602 M34 44.4 40 4460 1800 2.1 1450 18 44.1
C-220603 M35 45.3 40 4420 1870 2.1 1450 18 43.6
C-220604 M36 45.9 40.6 4470 1560 2 1520 18 44.4
C-220605 M37 45.6 40.2 4470 1800 2.1 1360 18 45.9
C-220606 M38 44.7 40.1 4440 1900 2.1 1360 18 42.1
C-220607 M39 45.2 39.2 4380 2060 2.1 1320 17 42.3
C-220608 M40 44.6 38.2 4210 1840 2 1400 17 40.4
C-220609 M41 44.7 38.6 4100 1800 2 1380 18 40.4
C-220610 M42 45.3 38.6 4140 1290 2.1 1400 18 40
C-220611 M43 45.1 39.1 4080 1480 2.1 1400 18 40
C-220612 M44 44.5 38.3 4090 1770 1.9 1390 18 40.6
C-220613 M45 44.8 36.3 4110 1470 1.7 1420 16 39.5
C-220614 M46 43.9 35.1 4280 1240 1.9 1590 16 37
C-220615 M47 44.4 35.7 4280 1280 2.1 1550 16 39.4
C-220616 M48 42.9 34.6 4170 1380 1.7 1530 14 36.7
C-220617 M49 45.1 35.4 4260 1750 1.8 1510 17 38.6
C-220618 M50 45.4 36.6 4280 1720 1.8 1500 17 39.4
C-220558 M51 42.4 36.4 4170 1590 1.9 1420 20 39.8
C-220559 M52 42.5 36.5 4170 1540 2 1430 18 42.5
C-220560 M53 41.1 37.2 4200 1560 1.9 1390 18 39.7
C-220561 M54 43.4 38.2 4270 1630 2 1430 20 40.2
C-220562 M55 41.6 37.5 4090 1610 1.9 1430 18 38.9
C-220563 M56 39.8 34.9 3900 1690 1.8 1380 18 36.4
C-220564 M57 43.4 36.7 4160 1620 1.9 1520 19 38.5
C-220565 M58 43.6 36.6 4200 1640 1.8 1560 19 39.6
C-220566 M59 44.2 37.1 4220 1590 2 1430 20 40.2
C-220567 M60 43.9 40.3 4560 1490 2.5 1320 20 47.1
C-220568 M61 44 41.6 4600 1780 2.4 1210 19 46.4  
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Lab No. Field No. P Pb Rb Sb Sc Sr Th
ppm ppm ppm ppm ppm ppm ppm
C-220569 M1 3600 70.8 69.1 1.5 10.7 62.7 12.5
C-220570 M2 1700 79.1 79.6 1.8 12.2 51.5 12.5
C-220571 M3 1900 92.4 82.5 19.2 12.9 69.2 12.7
C-220572 M4 2200 83.8 82.2 1.8 12.6 57 12.6
C-220573 M5 1700 88.5 86.5 1.7 13 49.6 13.2
C-220574 M6 1200 81 81.2 0.82 13.1 48 12.7
C-220575 M7 2100 81.4 81.2 0.7 12.7 47.4 12.7
C-220576 M8 1600 77.6 79.7 0.63 12.4 48 12.6
C-220577 M9 1800 76.6 79.1 0.58 12.4 46.4 12.6
C-220578 M10 1700 76.6 78.8 0.57 12.2 48.4 12.6
C-220579 M11 800 75.2 78.2 0.54 12.1 46 12.6
C-220580 M12 850 76.1 81.1 0.56 12.4 47.5 12.4
C-220581 M13 860 74.7 80.7 0.56 12.2 46.8 12.6
C-220582 M14 800 77.4 81.8 0.56 12.6 49.1 12.8
C-220583 M15 820 79.4 83.4 0.56 12.8 47.8 13.1
C-220584 M16 810 84 85.1 0.57 13.1 48.2 13.2
C-220585 M17 840 84.2 86.5 0.57 13 49 13
C-220586 M18 790 85.6 86.1 0.57 13.3 49.5 13.7
C-220587 M19 800 83.3 85.9 0.58 13.1 49.4 13.4
C-220588 M20 770 80.5 85.2 0.54 12.9 49.8 13.3
C-220589 M21 790 81.4 85.4 0.54 13.1 50.2 13.3
C-220590 M22 760 78.8 84.7 0.55 12.7 50.6 12.9
C-220591 M23 760 77.8 84.4 0.53 12.8 49 13
C-220592 M24 760 77.9 84.9 0.54 12.7 49.9 13
C-220593 M25 740 77 83.4 0.52 12.7 48.2 13
C-220594 M26 680 66.6 76.2 0.95 11.3 45.1 11.3
C-220595 M27 670 66.5 77.7 1 11.6 45 11.5
C-220596 M28 680 67.3 78.7 0.92 12 46.1 11.7
C-220597 M29 690 68.2 80 1.1 12 46.2 11.7
C-220598 M30 690 69.4 80.6 0.94 12.1 46.9 12.3
C-220599 M31 690 84.8 80.1 0.93 12 46.1 12.1
C-220600 M32 730 71.8 79.6 0.92 12.1 46.6 12.3
C-220601 M33 710 77.2 81.9 0.95 12.6 47.1 12.5
C-220602 M34 730 75.2 83.1 0.96 12.8 48.8 12.5
C-220603 M35 740 77.9 85.1 1 12.9 48.9 12.7
C-220604 M36 760 81.2 85.8 1 13.2 51.1 12.9
C-220605 M37 750 79.4 86 1 13.2 48.9 13.1
C-220606 M38 710 74.7 83.4 0.95 12.8 48.5 13
C-220607 M39 720 74.6 84.2 0.92 12.5 47.3 12.9
C-220608 M40 700 69.4 82.2 0.91 12.3 48.2 12.7
C-220609 M41 720 74.7 84.4 0.92 12.6 48.3 12.7
C-220610 M42 720 70.6 84.3 0.92 12.5 49.4 13.1
C-220611 M43 730 70.4 85.2 0.92 12.4 49.3 12.8
C-220612 M44 740 71 85.8 0.92 12.3 49.7 12.8
C-220613 M45 680 84.5 82 1.2 12.1 49 12.4
C-220614 M46 650 74.4 74.3 0.9 11 44.2 11.4
C-220615 M47 660 71 75.7 0.94 11.3 44.5 11.6
C-220616 M48 640 72.5 74.3 0.82 11.1 44.5 11.4
C-220617 M49 680 74.7 76.8 0.87 11.5 44.8 12
C-220618 M50 700 85.3 78.5 0.87 11.6 45.3 12
C-220558 M51 710 73.4 78 0.92 12.1 45.1 11.6
C-220559 M52 720 76.9 78.7 0.94 12.2 45.6 11.7
C-220560 M53 710 75.2 78.4 0.97 12.4 45.8 11.5
C-220561 M54 740 78.1 82 1 12.6 46.8 11.9
C-220562 M55 700 73.8 78.4 0.98 12 46.1 11.5
C-220563 M56 660 67.6 74.8 0.91 11.5 43.7 10.9
C-220564 M57 680 76.9 78.6 0.98 12.1 46.9 11.9
C-220565 M58 660 71.8 80.3 0.96 12.2 48 12
C-220566 M59 670 74.1 80 0.97 12.7 46.8 12.2
C-220567 M60 850 79.8 82 1 13.4 46.8 12.3
C-220568 M61 1200 82.1 85 1.1 13.8 46.6 12.4  
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Lab No. Field No. Ti Tl U V Y Zn
ppm ppm ppm ppm ppm ppm
C-220569 M1 3800 0.71 3 89.1 45.4 169
C-220570 M2 4100 0.78 3 99.6 51.7 165
C-220571 M3 4200 0.82 3.5 105 54.4 232
C-220572 M4 4100 0.82 3.5 104 53.8 178
C-220573 M5 4200 0.86 3.4 109 57.1 171
C-220574 M6 4200 0.8 3.3 105 53 186
C-220575 M7 4200 0.81 3.2 102 54.6 186
C-220576 M8 4200 0.8 3.2 100 53.5 176
C-220577 M9 4100 0.81 3.1 98.2 53.6 152
C-220578 M10 4100 0.8 3 97.4 52.7 166
C-220579 M11 4200 0.82 3.1 97.5 52.4 145
C-220580 M12 4100 0.81 3.1 98.3 53.9 144
C-220581 M13 4100 0.8 3 98.5 53.5 145
C-220582 M14 4200 0.83 3.1 100 54.3 144
C-220583 M15 4200 0.86 3.2 102 55.2 145
C-220584 M16 4200 0.86 3.3 105 55.5 148
C-220585 M17 4200 0.87 3.3 106 57.1 151
C-220586 M18 4200 0.88 3.4 105 56.5 148
C-220587 M19 4200 0.88 3.4 104 56.2 147
C-220588 M20 4200 0.86 3.3 104 56.1 142
C-220589 M21 4200 0.85 3.4 106 57.2 145
C-220590 M22 4200 0.86 3.3 103 55.3 140
C-220591 M23 4200 0.85 3.3 102 55.6 140
C-220592 M24 4200 0.86 3.4 103 55.8 140
C-220593 M25 4100 0.85 3.4 101 54.9 137
C-220594 M26 4000 0.78 2.8 91.7 48.6 126
C-220595 M27 4000 0.8 2.8 94.5 49.5 130
C-220596 M28 4100 0.8 2.9 96 50 128
C-220597 M29 4100 0.81 2.9 96.2 51.1 132
C-220598 M30 4100 0.83 3.1 97.5 52.2 130
C-220599 M31 4100 0.81 3 97 52.4 131
C-220600 M32 4100 0.82 3 96.6 52.5 132
C-220601 M33 4100 0.86 3.3 99.1 52.1 132
C-220602 M34 4100 0.87 3.3 102 53.1 134
C-220603 M35 4200 0.87 3.4 102 54.5 136
C-220604 M36 4200 0.88 3.6 103 55.9 139
C-220605 M37 4200 0.9 3.5 104 55.6 139
C-220606 M38 4200 0.87 3.4 102 52.3 131
C-220607 M39 4100 0.87 3.4 103 51.7 130
C-220608 M40 4200 0.85 3.3 101 50.6 126
C-220609 M41 4200 0.86 3.4 101 51 126
C-220610 M42 4200 0.86 3.5 101 51.4 124
C-220611 M43 4200 0.89 3.5 101 51.5 123
C-220612 M44 4200 0.87 3.4 100 53.5 127
C-220613 M45 4100 0.82 3.2 96.2 52.2 131
C-220614 M46 4100 0.77 3.1 89.2 46.5 116
C-220615 M47 4200 0.76 3 91.3 47.8 118
C-220616 M48 4100 0.76 2.9 89.2 46.8 115
C-220617 M49 4100 0.79 2.9 93.4 49.1 120
C-220618 M50 4100 0.8 3 95.3 49.4 122
C-220558 M51 3500 0.78 2.8 98.9 44 128
C-220559 M52 3600 0.79 2.9 99.4 45.1 129
C-220560 M53 3600 0.78 3 101 47 129
C-220561 M54 3900 0.82 3 103 49 135
C-220562 M55 3800 0.8 3 99.2 45.1 127
C-220563 M56 3500 0.75 2.8 93.3 43 122
C-220564 M57 3600 0.8 3 97.1 45.8 127
C-220565 M58 3800 0.82 3 98.8 46.4 129
C-220566 M59 3800 0.83 3.1 102 45.5 136
C-220567 M60 3900 0.88 3.2 109 46.9 160
C-220568 M61 3700 0.89 3.3 111 48 164  
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Lab No. Field No. Ag Al As Ba Be Bi Ca Cd
ppm ppm ppm ppm ppm ppm ppm ppm
C-220784 CWD1 0.37 77100 13 433 3.1 0.31 2950 0.6
C-220785 CWD2 0.32 78100 12 432 3.2 0.3 3360 0.6
C-220786 CWD3 0.36 78800 12 438 3.2 0.31 3160 0.56
C-220787 CWD4 0.35 76500 12 438 3.3 0.28 3130 0.56
C-220788 CWD5 0.34 77600 11 435 3.1 0.26 3250 0.56
C-220789 CWD6 0.4 77700 11 432 3.2 0.28 3230 0.56
C-220790 CWD7 0.38 77100 11 437 3.2 0.24 3300 0.58
C-220791 CWD8 0.32 76200 11 437 3.2 0.24 3310 0.56
C-220792 CWD9 0.35 74100 11 430 3 0.26 3210 0.56
C-220793 CWD10 0.31 75000 11 440 3 0.28 3160 0.53
C-220794 CWD11 0.43 74300 12 446 3.1 0.29 3130 0.54
C-220795 CWD12 0.4 75200 11 447 3.1 0.3 3200 0.54
C-220796 CWD13 0.43 75900 11 450 3.2 0.3 3210 0.52
C-220797 CWD14 0.41 77600 17 452 3.2 0.27 3360 0.55
C-220798 CWD15 0.42 79200 12 458 3.4 0.31 3440 0.54
C-220799 CWD16 0.38 77400 11 450 3.1 0.29 3360 0.53
C-220800 CWD17 0.26 76000 11 445 3.3 0.26 3330 0.54
C-220801 CWD18 0.37 76400 11 447 3.1 0.29 3340 0.54
C-220802 CWD19 0.41 77400 11 457 3.2 0.31 3300 0.54
C-220803 CWD20 0.44 76000 11 450 3.2 0.31 3160 0.54
C-220804 CWD21 0.49 76100 10 451 3.2 0.3 3280 0.55
C-220805 CWD22 0.4 75000 10 454 3.2 0.31 4210 0.58
C-220806 CWD23 0.37 76500 11 457 3.2 0.31 3440 0.59
C-220807 CWD24 0.43 76700 11 458 3.1 0.32 3340 0.59
C-220808 CWD25 0.45 78900 12 466 3.2 0.31 3390 0.58
C-220809 CWD26 0.45 76600 11 468 3.3 0.3 3490 0.56
C-220810 CWD27 0.69 72500 13 466 3 0.3 3180 0.47
C-220811 CWD28 0.66 71500 13 469 3 0.3 2930 0.42
C-220812 CWD29 0.67 71300 13 472 2.8 0.28 3680 0.42
C-220813 CWD30 0.6 70000 12 467 3 0.3 2960 0.42
C-220814 CWD31 0.68 70200 12 464 2.7 0.31 2840 0.41
C-220815 CWD32 0.62 67800 12 461 2.9 0.3 2890 0.4
C-220816 CWD33 0.61 68100 11 470 2.9 0.29 2910 0.4
C-220817 CWD34 0.62 68100 11 475 2.8 0.3 2920 0.41
C-220818 CWD35 0.61 66900 11 470 2.7 0.29 2760 0.39
C-220819 CWD36 0.6 65000 10 470 2.5 0.29 2720 0.38
C-220820 CWD37 0.58 64900 10 476 2.6 0.28 2840 0.38
C-220821 CWD38 0.6 64800 11 483 2.8 0.28 2900 0.38
C-220822 CWD39 0.6 62300 9.9 467 2.6 0.26 2980 0.36
C-220823 CWD40 0.59 60600 9.9 465 2.4 0.26 3210 0.36
C-220824 CWD41 0.67 60200 9.9 458 2.4 0.26 3360 0.34
C-220825 CWD42 0.57 60400 9.7 462 2.4 0.25 3240 0.35
C-220826 CWD43 0.54 58200 9.6 464 2.4 0.26 2850 0.33
C-220827 CWD44 0.53 58300 9.1 459 2.3 0.24 2700 0.34
C-220828 CWD45 0.58 60500 9.9 472 2.3 0.26 2700 0.33
C-220829 CWD46 0.61 60800 10 473 2.5 0.26 2770 0.34
C-220830 CWD47 0.57 61300 10 477 2.6 0.26 2800 0.36
C-220831 CWD48 0.53 61200 9.7 479 2.5 0.26 2810 0.35
C-220832 CWD49 0.59 56000 9.2 469 2.3 0.24 2620 0.32
C-220833 CWD50 0.57 58100 9.4 474 2.4 0.24 2610 0.31
C-220834 CWD51 1 60700 11 511 2.4 0.25 3030 0.35
C-220835 CWD52 1.1 61600 10 518 2.3 0.25 2800 0.31
C-220836 CWD53 1.1 60700 9.8 511 2.3 0.24 2790 0.38
C-220837 CWD54 0.7 37600 6.4 388 1.5 0.15 2420 0.25  
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Lab No. Field No. Ce Co Cr Cs Cu Fe Ga K
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C-220784 CWD1 99.4 39 69.3 6 43.3 39000 17 13200
C-220785 CWD2 100 37.4 80.5 6.1 45.8 39000 18 13400
C-220786 CWD3 100 37 66.2 6 42.7 40000 18 13400
C-220787 CWD4 99.6 37.4 66.9 6 41.3 40000 17 13200
C-220788 CWD5 101 36.7 74.4 6 43.6 40000 17 13400
C-220789 CWD6 100 36.5 82.1 5.9 42.3 39000 17 13200
C-220790 CWD7 100 35.6 66 5.9 41.6 40000 17 13300
C-220791 CWD8 101 35.7 64.6 5.9 40.3 39000 17 13300
C-220792 CWD9 99.4 35.9 66.8 5.8 39.6 38000 17 12900
C-220793 CWD10 101 37.4 69.2 5.9 40.9 38000 17 12900
C-220794 CWD11 99.6 38.6 66.1 5.7 41.3 37000 17 13200
C-220795 CWD12 101 34.8 65.9 5.8 40.2 38000 17 13400
C-220796 CWD13 102 34.9 64.1 5.9 39.9 39000 17 13200
C-220797 CWD14 102 35.4 67.1 6 40.5 38000 17 13400
C-220798 CWD15 105 37.7 67.5 6 41.7 40000 18 13600
C-220799 CWD16 103 36.7 66.9 6 41.1 39000 18 13400
C-220800 CWD17 104 35.6 64.8 5.9 40.2 38000 17 13300
C-220801 CWD18 103 36.1 66.6 6 40.9 38000 18 13400
C-220802 CWD19 104 36.8 65.8 6.1 46.3 38000 18 13500
C-220803 CWD20 103 35.6 65.6 6 40.7 38000 17 13200
C-220804 CWD21 104 34.8 65.8 5.9 41 37000 17 13200
C-220805 CWD22 100 36.1 66.2 5.9 41.3 38000 17 13300
C-220806 CWD23 101 35.3 64.4 5.8 40.8 38000 17 13500
C-220807 CWD24 103 34.7 65.5 6 41.5 37000 17 13700
C-220808 CWD25 104 35.2 67 6.1 43 38000 18 14000
C-220809 CWD26 105 33.8 68.3 5.9 41.1 38000 18 14000
C-220810 CWD27 105 32.3 59.3 5.5 36.4 34000 16 13500
C-220811 CWD28 105 32.4 59.2 5.5 35.9 34000 16 13800
C-220812 CWD29 103 31.2 58.9 5.5 35.5 34000 16 13600
C-220813 CWD30 102 32.8 62 5.5 35.7 33000 16 13800
C-220814 CWD31 96.6 32.2 63.5 5.4 35.6 33000 16 13300
C-220815 CWD32 96.2 31.5 66.7 5.2 35.1 32000 15 13500
C-220816 CWD33 95.8 31.2 61.7 5.2 34.3 31000 15 13600
C-220817 CWD34 97 31.4 68 5.2 35.2 31000 15 13400
C-220818 CWD35 97.4 31.5 60 5.1 34.6 30000 15 13300
C-220819 CWD36 95.6 29.1 56.7 4.9 32.3 30000 14 13100
C-220820 CWD37 95.9 29.6 58 4.9 32 30000 14 13200
C-220821 CWD38 95.9 30.3 57.4 4.9 32.4 30000 14 13400
C-220822 CWD39 95.2 31 55.4 4.6 31.4 28000 14 13100
C-220823 CWD40 93.2 29.8 52.3 4.5 30.7 28000 14 13000
C-220824 CWD41 92.8 29.9 55.6 4.6 31.2 28000 13 12700
C-220825 CWD42 91.1 28.9 50.4 4.5 32.3 28000 13 12800
C-220826 CWD43 89.4 27.2 50.6 4.2 29.9 26000 13 13000
C-220827 CWD44 88.2 28.4 50.4 4.3 30.7 26000 13 12900
C-220828 CWD45 90.2 29.6 52.9 4.5 31.4 27000 13 13200
C-220829 CWD46 91.3 29.2 53.9 4.5 30.9 27000 13 13100
C-220830 CWD47 91.8 30.3 54.6 4.5 30.7 28000 14 13000
C-220831 CWD48 92.8 28.6 53.3 4.5 31.4 28000 14 13100
C-220832 CWD49 90 28.3 50.2 4.1 29.6 25000 13 12900
C-220833 CWD50 91.3 28.9 49.4 4.3 30.1 26000 13 12900
C-220834 CWD51 89.3 31.7 50 4.6 31.4 28000 14 13300
C-220835 CWD52 90 29.3 48.2 4.7 31.2 27000 14 13000
C-220836 CWD53 87.9 27.8 49.8 4.5 33.7 26000 14 14100
C-220837 CWD54 60.8 17.7 32 2.6 19.6 16000 8.3 10700  
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Lab No. Field No. La Li Mg Mn Mo Na Nb Ni
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C-220784 CWD1 47.6 45.4 5220 1260 3 1220 23 51
C-220785 CWD2 48.3 45 5290 1490 4.5 1270 22 56.3
C-220786 CWD3 47.8 44.6 5100 1440 2.1 1310 23 47.1
C-220787 CWD4 48.2 44.4 4990 1600 2.5 1330 21 47.1
C-220788 CWD5 48.4 44.2 5070 1580 3.4 1340 21 50.8
C-220789 CWD6 49.1 45.2 5030 1520 4.6 1330 23 55
C-220790 CWD7 49.7 44.2 5120 1580 2 1360 23 45.9
C-220791 CWD8 49 44.4 5070 1540 1.9 1350 21 45.1
C-220792 CWD9 47.8 44.1 4980 1500 2.6 1320 21 46.9
C-220793 CWD10 48.2 43.8 4980 1500 3 1340 20 47.9
C-220794 CWD11 46.4 43 4790 1460 2.5 1480 24 45.2
C-220795 CWD12 47.3 44.2 4970 1460 2.4 1470 23 44.7
C-220796 CWD13 51.1 45 5070 1470 2.3 1370 24 44.8
C-220797 CWD14 49.1 45.4 5160 1500 2.5 1380 24 46.9
C-220798 CWD15 50.1 45.6 5280 1640 2.3 1390 26 46.3
C-220799 CWD16 49.4 45.8 5200 1560 2.4 1380 23 45.4
C-220800 CWD17 49.2 45.4 5200 1520 2.3 1390 19 44.9
C-220801 CWD18 50.5 45.5 5140 1520 2.5 1400 22 45.6
C-220802 CWD19 51.3 45.4 5120 1530 2.5 1410 24 45.7
C-220803 CWD20 49.1 45.1 5090 1470 2.3 1400 24 44.5
C-220804 CWD21 49.4 45 5080 1420 2.2 1450 25 43.4
C-220805 CWD22 48.4 45.2 5140 1430 2.7 1470 23 45.4
C-220806 CWD23 48.6 44.5 5160 1420 2.2 1500 23 42.7
C-220807 CWD24 49.6 44.9 5170 1450 2.4 1480 23 44.1
C-220808 CWD25 50.4 45.3 5200 1590 2.5 1460 24 44.8
C-220809 CWD26 51 44.6 5210 1710 2.4 1570 23 44.6
C-220810 CWD27 51.8 40.1 4770 1590 2 1690 20 39.3
C-220811 CWD28 52.1 40 4620 1710 2.2 1730 20 39.2
C-220812 CWD29 51.4 39.7 4620 1860 2 1740 22 38.5
C-220813 CWD30 51.4 39 4600 2180 2.2 1760 20 40.3
C-220814 CWD31 47.3 39.4 4520 1950 2.1 1710 22 40.7
C-220815 CWD32 46.7 38.8 4370 2240 3.3 1760 22 43
C-220816 CWD33 48.4 38.7 4370 2250 2.7 1820 21 40.7
C-220817 CWD34 47.8 38.6 4390 2150 3.4 1790 22 43.2
C-220818 CWD35 47.9 37.5 4190 2300 2 1820 22 36.9
C-220819 CWD36 47.3 36.8 4070 2370 2 1880 20 36.2
C-220820 CWD37 47.1 36.6 4070 2670 2.4 1900 20 37.6
C-220821 CWD38 47.8 36 3990 2730 2.3 1970 21 36.7
C-220822 CWD39 46 34.7 3770 3480 1.9 2070 21 34.8
C-220823 CWD40 45.2 33.8 3660 3790 1.7 2110 21 32.6
C-220824 CWD41 44.8 33.6 3640 4140 2.4 2040 23 35
C-220825 CWD42 44.1 33.8 3600 4140 2 2040 20 33.5
C-220826 CWD43 43.7 31.8 3420 3900 1.6 2160 19 30.7
C-220827 CWD44 43.1 32 3450 4020 2 2160 19 32.8
C-220828 CWD45 44.2 32.8 3580 3970 2 2100 20 33.7
C-220829 CWD46 44.5 33.7 3580 4590 2.1 2080 20 34
C-220830 CWD47 44.8 33.6 3610 5040 1.8 2060 20 33.4
C-220831 CWD48 44.7 33.3 3590 5130 1.8 2040 19 33.3
C-220832 CWD49 43.7 31.5 3310 4400 1.8 2220 21 31.4
C-220833 CWD50 44.2 31.7 3300 4540 1.8 2170 24 31.4
C-220834 CWD51 42.7 33.8 3570 5280 1.8 2060 20 33.3
C-220835 CWD52 42.4 34.6 3580 3970 1.9 2010 18 32.3
C-220836 CWD53 42.2 33.1 3560 2470 1.6 2140 18 32.9
C-220837 CWD54 30.3 20.3 2150 1420 1.2 2220 12 19.3  
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C-220784 CWD1 920 89.8 89 1 14.4 45.5 13.1
C-220785 CWD2 900 85.6 89.3 1 14.5 46.3 13.1
C-220786 CWD3 920 82 89.1 1 14.1 46.9 13
C-220787 CWD4 900 80.3 88.7 0.96 14.2 46.1 13
C-220788 CWD5 900 79 89.3 0.95 14.2 46.2 13.2
C-220789 CWD6 900 78.3 88.3 0.98 14 46.7 13.1
C-220790 CWD7 890 78.6 88.4 0.95 14.3 46.4 13.2
C-220791 CWD8 870 79.1 88.2 0.96 14.1 46.1 13.2
C-220792 CWD9 850 78.3 86.5 0.94 13.9 45.6 13.1
C-220793 CWD10 850 77.1 87.9 0.96 13.9 46.2 13.2
C-220794 CWD11 830 72.6 87 1.1 13.8 47.8 13.1
C-220795 CWD12 850 74.9 89.1 1 14 46.4 13.1
C-220796 CWD13 830 76.2 89.3 1 13.9 46.3 13.5
C-220797 CWD14 860 74.9 90.8 1 14.5 47.4 13.5
C-220798 CWD15 860 78 91.4 1.1 14.5 47.9 13.9
C-220799 CWD16 850 78.3 90.5 1 14.6 47.2 13.7
C-220800 CWD17 810 79.7 89.1 0.93 14.1 46.6 13.5
C-220801 CWD18 830 77 89.7 0.99 14.5 47.4 13.6
C-220802 CWD19 860 78.9 91.4 1 14.3 48.1 14
C-220803 CWD20 820 77.8 89.5 1 14.2 47.1 13.7
C-220804 CWD21 810 77.9 89.4 1.1 14.5 47.4 13.8
C-220805 CWD22 820 82.2 89.8 0.99 14 47.2 13.4
C-220806 CWD23 820 82.9 89.7 0.99 14.2 47.8 13.6
C-220807 CWD24 830 82.4 90.7 1 14.2 47.1 13.7
C-220808 CWD25 880 77.9 93.5 1.1 14.5 48.9 13.7
C-220809 CWD26 840 70.6 91.6 1 14.3 48.4 13.6
C-220810 CWD27 780 48.6 86.4 0.96 13 47.5 12.6
C-220811 CWD28 780 43.9 87.1 0.98 13.1 47.7 12.7
C-220812 CWD29 770 43.8 86.6 0.98 12.9 47.5 12.6
C-220813 CWD30 760 43.9 86.1 0.92 13.1 47.2 12.9
C-220814 CWD31 760 42 84 1 12.9 46.2 12.3
C-220815 CWD32 740 41.8 82.5 0.94 12.5 46.1 12.2
C-220816 CWD33 740 42.8 82.9 0.96 12.3 47 12
C-220817 CWD34 740 42.6 83.4 0.96 12.5 49.9 12.3
C-220818 CWD35 710 41.2 81.6 0.98 12.4 46.9 12.2
C-220819 CWD36 700 39.4 80.2 0.88 11.8 46.5 12
C-220820 CWD37 680 39.2 80.4 0.86 11.6 47 11.9
C-220821 CWD38 690 38.6 80.7 0.88 11.6 47.8 11.9
C-220822 CWD39 660 37 76.1 0.89 11.1 47.2 11.8
C-220823 CWD40 670 35.9 74.5 0.87 10.7 47.6 11.5
C-220824 CWD41 670 35.2 73.6 0.92 10.9 46.5 11.6
C-220825 CWD42 670 35.4 74 0.86 10.8 46.4 11.2
C-220826 CWD43 640 33.9 72.3 0.82 10.3 47.2 11.1
C-220827 CWD44 630 33.5 71.6 0.82 10.4 46.5 11
C-220828 CWD45 660 34.7 74.4 0.87 10.6 46.8 11.3
C-220829 CWD46 680 34.5 75.6 0.9 10.9 46.9 11.4
C-220830 CWD47 680 35.1 75.1 0.86 10.9 47 11.2
C-220831 CWD48 680 35.3 74.7 0.86 10.8 46.6 11.4
C-220832 CWD49 640 32.9 71.2 0.84 10 46.5 11
C-220833 CWD50 660 32.8 72.7 0.82 10.4 46.4 11
C-220834 CWD51 690 33.6 78.5 0.9 11.3 51.9 11.3
C-220835 CWD52 690 31.3 80.3 1.5 11.4 50.4 11.3
C-220836 CWD53 690 35.6 79.3 0.89 11.3 52.7 11.3
C-220837 CWD54 420 22.3 51.4 0.6 6.5 43.7 7.9  
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C-220784 CWD1 4000 0.91 3.3 115 45.3 154
C-220785 CWD2 3900 0.93 3.2 114 46.2 152
C-220786 CWD3 4100 0.91 3.1 113 46.4 147
C-220787 CWD4 4100 0.91 3.1 112 45.3 144
C-220788 CWD5 4200 0.91 3.1 112 46.9 145
C-220789 CWD6 4300 0.92 3.1 112 46.4 143
C-220790 CWD7 4000 0.92 3.1 111 46.2 143
C-220791 CWD8 3900 0.94 3.1 112 45.5 142
C-220792 CWD9 3900 0.91 3.1 111 45 140
C-220793 CWD10 4000 0.92 3.2 113 44.6 138
C-220794 CWD11 4000 0.91 3.2 110 44.2 135
C-220795 CWD12 4000 0.91 3.3 112 45.1 136
C-220796 CWD13 4400 0.94 3.4 113 45.3 136
C-220797 CWD14 4200 0.94 3.4 115 46.8 139
C-220798 CWD15 4200 0.94 3.5 118 46.8 142
C-220799 CWD16 4200 0.96 3.4 117 47 141
C-220800 CWD17 4100 0.93 3.4 113 45.2 137
C-220801 CWD18 4100 0.96 3.4 116 45.6 139
C-220802 CWD19 4300 0.96 3.6 116 47 142
C-220803 CWD20 4200 0.95 3.5 115 46.9 137
C-220804 CWD21 4600 0.94 3.6 113 47.2 136
C-220805 CWD22 4000 0.95 3.2 113 45.4 137
C-220806 CWD23 4000 0.95 3.2 113 45.3 137
C-220807 CWD24 4000 0.95 3.5 114 46.1 140
C-220808 CWD25 4100 0.97 3.5 116 47.8 141
C-220809 CWD26 4200 0.96 3.4 113 47.2 136
C-220810 CWD27 4000 0.87 3.2 104 51.4 117
C-220811 CWD28 4200 0.88 3.3 105 51.2 114
C-220812 CWD29 4300 0.87 3.2 103 51.5 113
C-220813 CWD30 4300 0.88 3.3 104 50.9 113
C-220814 CWD31 4100 0.87 3.2 103 50.3 112
C-220815 CWD32 4100 0.85 3.1 100 48.6 108
C-220816 CWD33 3800 0.85 3.1 98.4 48.9 109
C-220817 CWD34 4100 0.86 3.2 101 49.5 109
C-220818 CWD35 4200 0.85 3.2 98.2 48.7 105
C-220819 CWD36 3800 0.83 3 94.5 50.9 100
C-220820 CWD37 3800 0.83 3 93.6 47 99.6
C-220821 CWD38 4200 0.82 3.1 94.6 47.7 99.7
C-220822 CWD39 4200 0.78 3 89.7 46 94.6
C-220823 CWD40 4100 0.74 3 87.3 46.3 92.3
C-220824 CWD41 4400 0.75 3.2 86.9 46 91.4
C-220825 CWD42 4000 0.76 2.9 87.2 43.3 91.3
C-220826 CWD43 3600 0.72 2.9 83.8 47.4 87.3
C-220827 CWD44 3600 0.72 2.8 82.5 42.9 87
C-220828 CWD45 4000 0.74 3 85.7 48.2 90.6
C-220829 CWD46 4000 0.76 3 87.1 45.4 91.4
C-220830 CWD47 3800 0.76 3.1 87.2 45 91.2
C-220831 CWD48 3700 0.75 3 86.3 45 90.9
C-220832 CWD49 3700 0.73 3.1 81.3 42.3 84.8
C-220833 CWD50 3900 0.73 3 83.1 43.6 84.7
C-220834 CWD51 4100 0.78 3 91.1 45.6 93.2
C-220835 CWD52 3800 0.81 3.3 90.7 44.6 88.6
C-220836 CWD53 3800 0.8 3.2 89.6 45.7 97.1



































Lead isotopic compositions in 2N HCl-1%H2O2 leaches of Clearwater Samples. 
  Total    Leachable     
Leachabl
e Pb (ppm)   
Sample 
Pb 
PPM  Pb PPM   206Pb  207Pb  208Pb  204Pb  
WC10 25 18.0 ± 0.2 4.7 3.7 9.3 0.24 
M10 76.6 66.2 ± 0.7 17.6 13.6 34.2 0.85 
M48 72.5 56.3 ± 0.6 14.9 11.6 29.1 0.72 
UBR10 44.8 34.7 ± 0.4 9.2 7.1 17.9 0.44 
UBR40 55.7 40.0 ± 0.4 10.6 8.2 20.6 0.51 
WC60 25.5 19.1 ± 0.2 5.0 4.0 9.9 0.25 
CWD10 77.1 65.3 ± 0.7 17.4 13.4 33.7 0.84 
LBRA10 63.4 52.9 ± 0.6 14.1 10.8 27.3 0.67 
LC28 11.4 7.8 ± 0.1 2.0 1.6 4.0 0.10 
LBRA40 64.8 52.2 ± 0.6 13.8 10.7 26.9 0.67 
CWD26 70.6 52.2 ± 0.6 13.7 10.8 27.0 0.67 
LC5 45.8 41.0 ± 0.5 10.9 8.4 21.2 0.52 



























Pbps = {[RUMR – RSed] / [RUMR – Rps]} * 100 
 
Where:  Pbps is the percent of lead load attributed to a specific point source 
of lead contamination (ore lead) 
 
 RUMR is the lead isotope ratio of the unmineralized rock 
(unmineralized Bonneterre) 
 
 Rsed is the lead isotope ratio of the sample at a particular time 
 




For the following calculations: 
 
RUMR = 19.73 
Rps = 21.43 
 
Date/Sample 
1953/CWD40   Pbps =  {[19.73 – 20.12] / [19.73 – 21.43]} * 100 
   Pbps = [0.39 / 1.7] * 100 
Pbps = 23 
 
1965/CWD26   Pbps =  {[19.73 – 20.19] / [19.73 – 21.43]} * 100 
   Pbps = [0.46 / 1.7] * 100 
Pbps = 27 
 
1977/LBRA40  Pbps =  {[19.73 – 20.53] / [19.73 – 21.43]} * 100 
   Pbps = [0.80 / 1.7] * 100 
Pbps = 47 
  
184
1987/CWD10   Pbps =  {[19.73 – 20.59] / [19.73 – 21.43]} * 100 
   Pbps = [0.86 / 1.7] * 100 
Pbps = 51 
 
1997/LBRA10  Pbps =  {[19.73 – 20.69] / [19.73 – 21.43]} * 100 
   Pbps = [0.96 / 1.7] * 100 
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